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MEETINGS OF THE SECTIONS. 
CINCINNATI SECTION. 
The regular meeting of the Section was held Saturday even- 


ing, May 16th. 
Dr. S. P. Kramer presented ‘‘ Some New Facts Concerning X 
Rays,’’ giving an interesting account of some experiments, and 
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exhibiting some negatives made by means of his new five plate 
Topler-Holtz machine. 

Mr. B. M. Pilhashy, of Cincinnatiand Mr. J. N. Hurty, of 
Indianapolis, were elected members of the Section. 

The meeting adjourned until October 15th. 


NEBRASKA SECTION. 


The Nebraska Section held its fourth regular meeting on June 
5th, at 8:00 P. M. 

The meeting was called to order by the president. In the 
absence of the secretary, Mr. J. B. Becher was elected Secretary 
pro tem. 

The minutes of the last meeting were read and adopted. 

The following officers were elected for the ensuing year : 
President, H. H. Nicholson; Secretary aud Treasurer, Dr. 
John White ; Executive Committee, Samuel Avery, R. S. Hilt- 
ner and J. F. Becher. 

The Secretary’s report was read and approved. 

The Treasurer’s report having been read, Mr. E. C. Elliott 
and Miss Rosa Bouton were appointed an auditing committee. 

The committee pronounced the report correct, whereupon it 
was approved. 

A letter from J. Stanley Brown, Secretary of the Joint Com- 
mission of the Scientific Societies of Washington, was then read, 
calling attention to the anti-vivisection bill now pending before 
Congress. 

The President appointed a committee to draft suitable resolu- 
tions, which were adopted. 

‘‘ WHEREAS, There is now pending before the Congress of 
the United States a bill entitled ‘A bill for the further preven- 
tion of cruelty to animals in the District of Columbia ;’ and 

WHEREAS, In our opinion such legislation is opposed to the 
proper development of biological and medical science ; and 

WHEREAS, It is feared that such legislation may be further 
extended to the several states and territories, thereby very seri- 
ously restricting the progress of scientific investigation ; be it 

Resolved, That the Nebraska Section of the American Chemi- 
cal Society most earnestly protests against the enactment of such 
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legislation as being unnecessary and prejudicial to the best 
interests of mankind. 
Signed, 
H. H. NicHo.son, President. 
Rosa BouTon, 
JOHN WHITE, 
EDWARD ELLIOTT, 
Committee. 
Mr. Benton Dales was elected an associate member. 
In the absence of Dr. White, his paper entitled ‘‘Contributions 
to the Chemistry of the Suboxides,’’ lwas read by Mr. E. E. 


Nicholson. 


NEW YORK SECTION. 


The June meeting of the New York Section was held on Fri- 
day evening, June 5th, at the College of the City of New York, 
Prof. A. A. Breneman presiding. 

After the reading of the minutes the chairman of the commit- 
tee on Organization of the Chemical Club reported that at a 
recent meeting of the committee, held at the Board of Trade, 
much enthusiasm was shown, and the movement was making 
good progress. 

A communication from the Joint Commission of the Scientific 
Societies of Washington in regard to the Senate bill 1552, 
intended to restrict, if not prohibit, vivisection, was taken up 
and acted upon. 7 

The sentiment of the meeting was unanimous in the direction 
of preventing affirmative action by Congress on the said bill; 
and the following resolutions were unanimously adopted, aftera 
full discussion, in which Profs. Sabin, Breneman, Doremus, 
Hale, and McMurtrie participated. 

Resolved, That the New York Section of the American Chem- 
cal Society most earnestly opposes the legislation proposed by 
Senate bill 1552, entitled ‘‘A bill for the further prevention of 
cruelty to animals in the District of Columbia.”’ 

Resolved, That the proposed legislation is unnecessary and 
would seriously interfere with the advancement of biological 
science in that district ; that it would be especially harmful in 
its restriction of experiments relating to the cause, prevention, 
and cure of the infectious diseases of man and of the lower ani- 
mals; that the researches made in this department of biological 
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and medical science have been of immense benefit to the human 
race; and that, in general, our knowledge of physiology, of 
toxicology, and of pathology, forming the basis of scientific 
medicine, has been largely obtained by experiments upon living 
animals, and could have been obtained in no other way. 

Resolved, That physicians and others who are engaged in 
research work having for its object the extension. of human 
knowledge and the prevention and cure of disease are the best 
judges of the character of the experiments required and of the 
necessity of using anesthetics, ard that in our judgment they 
may be trusted to conduct such experiments in a humane man- 
ner, and to give anesthetics when required to prevent pain. To 
subject them to penalties and to espionage, as is proposed by 
the bill under consideration, would, we think, be an unjust and 
unmerited reflection upon a class of men who are entitled to our 
highest consideration. 


Dr. C. A. Doremus read a ‘‘ Note on the Presence of Oil in 
Boiler Scale.’’ 

Mr. J. A. Matthews described ‘‘ A New Method of Preparing 
Phthalimide.’’ 

The chair announced this as the last meeting of the season, 
and stated that the fall and winter meetings would probably be 
held in the same rooms. 
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THE VALUE OF LEATHER REFUSE. 


By J. B. LINDSEY. 
Received May 14, 1896. 


I. RAW, ROASTED OR STEAMED LEATHER. 


N another publication’ the writer reviewed the experiments 
made by various investigators concerning the agricultural 
value of different forms of leather refuse, and drew the following 
conclusions: ‘‘ The results of both field and pot experiments, as 
well as artificial digestion experiments, indicate that leather, 
either raw, roasted or steamed, is a very inferior source of plant 
food. Carefully conducted experiments by Wagner give the ni- 
trogen it contains a relative value of 20, the nitrogen in sodium 
nitrate being valued at 100. When nitrogen in organic matter 
is valued at from sixteen to eighteen cents per pound, nitrogen 
in raw, roasted orsteamed leather should be worth but from three 

to six cents per pound. 

II. DISSOLVED LEATHER. 

Deherain and others have suggested that if leather be dissolved 
in sulphuric acid, its nitrogen will be made as available as that 
contained in the average animal matter. It is generally under- 
stood that many European manufacturers of fertilizers thus turn 
leather waste to account. No direct experiments are on record, 
so far as the writer is aware, to bear out the above claim.’ 

In order to study the value of dissolved leather, pot experi- 


1 Twelfth annual report of the Massachusetts Experiment Station, 1894. See also 


Agricultural Science, 8, Nos. 2and 3. 
2See however a single test reported in the Report of Connecticut Experiment Station 


for 1894, p. 101. 
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ments with oats were conducted during the years 1894 and 1895. 
The results obtained in 1894 have already been published.' The 
results for both years are presented below: 

General Plan of the Experiment.—The experiments were con- 
ducted in galvanized iron pots. The soil, poor in all three in- 
gredients of fertility, was supplied with an excess of potash and 
phosphoric acid. The nitrogen in sodium nitrate was taken as 
a standard, being rated at 100. The same quantity of nitrogen 
in sodium nitrate, Philadelphia tankage (roasted leather) and 
dissolved leather was applied to different sets of two or three pots 
each ; one set of pots received no nitrogen. These latter pots 
measured the nitrogen capacity of the soil. The entire number 
of pots were treated as nearly alike as possible so far as sunlight, 
moisture, etc., were concerned. With similar conditions and 
plant food alike, excepting the nitrogen source, it is clear that 
the amount of nitrogen taken up by the plants in the different 
pots, would be a measure of the availability of the nitrogen in 
the several forms of nitrogen-containing material. 

The Pots Used.—The pots, of thin galvanized iron, were seven 
and three-fourths inches in diameter and eight inches deep. A 
galvanized iron tube, half an inch in diameter, extended from 
the top to the bottom of the pot, connecting at the base with a 
second tube of the same material one inch in diameter. The 
latter tube extended along the bottom of the pot, and was per- 
forated with small holes. The object of these tubes was to sup- 
ply water partly from the bottom of the pot. 

EXPERIMENTS A. 

These experiments were begun in 1894 with eighteen pots, 
three parallel pots for each distinct test; they were continued in 
1895 with twelve pots, two pots being employed for each test. 

The Soil.—The soil was of a gravelly nature, and had not been 
cultivated for a long time. It was very poor in all three ingre- 
dients, as the following analysis will show: 


Per cent. 
Wea eat Rate cicd cae hic sos blew ae debe eb eb eidninwuna 14.25 
Phosphoric acid.......sceee cece cececscccescvcecsccecs 0.13 
Pig ARNE IEICE 2 5 oa 4.4.0 aS 4 6.0 30 00 00D eel se MRS Seka 0.08 
Nitrogen ......e cee ce cece cece cece cece cece seer sess ecss 0,09 


1 Loc. cit. 
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Fertilizers Used.—The sources of nitrogen were sodium nitrate, 
Philadelphia tankage,' and dissolved leather. The dissolved 
leather was prepared in 1894 by heating 210 grams of C. P. sul- 
phuricacid of 50° B. to80° C. and slowly adding sixty-three grams 
of finely ground sole leather. The mixture was thoroughly 
stirred and allowed to stand one-half hour. A dark pasty mass 
resulted, to which were added forty-nine grams of water to thin 
somewhat, together with sufficient calcium carbonate to neu- 
tralize the excess of sulphuric acid, and to make the resulting 
mass suitable to handle. The calcium carbonate was used in 
preference to the phosphate, in our case, to avoid an excess of 
phosphoric acid. After standing twenty-four hours the mixture 
became dry and friable. The dissolved leather for 1895, was pre- 
pared in the same way, excepting that the water was omitted. 
Double superphosphate was used as a source of phosphoric acid, 
and potash was applied in the form of the double sulphate of 
magnesia and potash. 


COMPOSITION OF FERTILIZERS USED. 


Available Total Potas- 
phosphoric phosphoric sium 
Nitrogen. acid. acid. oxide. 
Per cent. Per cent. Percent. Per cent. 
Sodium nitrate for 1894 and 1895-- 14.28 
Dissolved leather, I., 1894 -...---- 0.97 
i - I., 1895 «------ 0.97 
Philadelphia tankage 1894 and 1895 7.80 
Double superphosphate 1894 and 
NON do acai aula are ynnieeusins We. o/s 47.42 47.80 
Double sulphate of magnesia and 
potash, 1894....-..seeeeeeeese Sea Eee peters 24.32 
Double sulphate of magnesia and 
potash, 1895 So:k peace eee eee as ales eee ane 25.08 


ARRANGEMENT OF THE EXPERIMENT. 


1894. 
Amount of 
Amount of available phos- Amount of 
nitrogen ap- phoric acid ap- potassium oxide 
plied per pot. plied per pot. applied per pot. 
Source of nitrogen. Gram. Grams. Graws. 
Pots I, 2, 3, soil nitrogen.-... v.00 1.20 2.40 
‘“« 7, 8, 9, sodium nitrate--. 0.30 1.20 2.40 
‘* 13, 14, 15, dissolved leather 0.30 1.20 2.40 
** To, II, 12, sodium nitrate-- 0.60 1.20 2.40 
‘* 16, 17, 18, dissolved leather 0.60 1.20 2.40 
“4, 5, 6, Phil. tankage --- 0.60 1.20 2.40 


1 Roasted leather. 
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Pots I, 4, 7, 10, 13, 16, were infected with a small quantity of 
cultivated soil, to note if the infection facilitated to any marked 
degree the nitrification of the organic nitrogen in case of these 
particular experiments. To each of these pots was also added 
ten grams of air-slaked lime. 


1895. 
Amount of 
Amount of available phos- Amount of 
nitrogen ap- phoric acid potassium ox- 
plied per pot. per pot. ide per pot. 
Source of nitrogen. Grams. Grams, Grams. 
Pots I, 2, soil nitrogen....... 0.00 2.40 4.80 
‘* 7, 8, sodium nitrate ..... 0.30 2.40 4.80 
‘* 13, 14, dissolved leather ... 0.30 2.40 4.80 
‘* Yo, II, sodium nitrate ....- 0.60 2.40 4,80 
‘* 16, 17, dissolved leather ... 0.60 2.40 4.80 
‘* 4, 5, Phil. tankage....... 0.60 2.40 4.80 


It will be noticed that double the quantity of phosphoric acid 
and potash was applied in 1895, to make sure of a sufficient 
amount to enable the nitrogen to do its best work. To each of 
the pots was added ten grams of air-slaked lime. The same 
soil was used in 1895 as in 1894. 

Filling the Pots.—About an inch of good clean gravel was first 
placed in the pots. All of the fertilizer excepting the nitrate 
was then mixed with eleven and one-half pounds of soil, which 
was put in in layers and gently pressed down. One-half gram 
of selected oats was then scattered over the soil, and covered 
with one pound of earth. The pots were thus filled to within 
one centimeter of the rim. One-half of the nitrate was applied 
in solution at the time of seeding, and the other half five to six 
weeks later. 

General Care of the Pots—The pots were set into a wagon 
running on an iron track. The floor of the wagon was sur- 
rounded with sides six inches deep. The pots were carefully 
watched and kept sufficiently watered. A portion of this water 
was supplied from beneath, and the remainder was added to the 
surface by the aid of a sprinkling pot. Sometimes it was neces- 
sary to water twice daily. The pots were kept in the open when- 
ever the weather permitted. During wet or windy weather, and 
at night, they were run under cover. 
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Flarvesting, etc.—The plants in pots 1, 2, 3, 4, 5, 6, in 1894, 
and in 1, 2, 4, 5, in 1895, were very light green and spindling 
during the entire growing period. The plants in the different 
pots were harvested as they matured. They were cut close to 
the soil, put in paper bags and hung away to dry. After the 
product of each pot was thoroughly air-dry, the grain was care- 
fully removed, weighed, coarsely ground, and dry matter deter- 
minations made. The straw was cut into short lengths, and also 
tested for dry matter. Finally both grain and straw were ground 
fine, and nitrogen determinations made. 

The figures in Tables I and II show the results obtained in 
two years. The first column in Table I shows the amount of 
nitrogen applied to each pot. The next four columns show the 
average dry matter produced for both years. The fourcolumns 
next following indicate the gain in dry matter over soil nitrogen 
pots. The last column shows the average gain in dry matter of 
straw and grain for two years, produced by the different ferti- 
lizers, the gain produced by sodium nitrate being reckoned at 
100. 

It will be seen that the Philadelphia tankage has been but 
slightly available as a nitrogen source. Its effect the second 
year was rather better than during the first season. The com- 
bined results for the two years show it to be very inferior to the 
sodium nitrate, yielding practically one-tenth as much dry mat- 
ter. These results simply confirm the investigations made by 
others with different forms of untreated leather. 

The results with dissolved leather are very different. One 
could easily observe that during the entire growing season the 
plants treated with this substance were uniformly green, healthy, 
and grew continuously, being but little if any inferior in color 
to the sodium nitrate pots. The amount of dry matter obtained 
for two years with the aid of this source of nitrogen when com- 
pared with sodium nitrate, has been as 78 to roo. 

The three-tenths gram of nitrogen from sodium nitrate the 
second year produced a poor yield of grain. This can only be 
accounted for from the fact that the second half of the nitrate 
was not applied until shortly before the grain began to head, 
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and that this was not early enough for the plant to work it over 
into organic combination. 

In cases where six-tenths of a gram of nitrogen was applied in 
the form of sodium nitrate but little grain was produced. This 
might be the result of two causes. First, because an excess of 
soluble nitrogen interfered with its natural transformation into 
organic combination, and in the next place it is possible, as 
already stated, that the second application was made too late. 
It is believed that the amount of phosphoric acid and potash 
applied especially the second year was in all cases sufficient. 
The six-tenths gram of nitrogen from the dissolved leather did 
rather better work than that from sodium nitrate, but it was 
still much inferior to that performed by three-tenths gram. 

The amount of nitrogen obtained by the plant is a better 
measure of the availability of the nitrogen than: the dry matter 
produced. This will be found in Table II. The first portion 
of the table shows the nitrogen in the total dry matter produced, 
and the average per cent. of nitrogen in 100 grams of dry mat- 
ter. Next to be noted is the amount of nitrogen returned in the 
straw and grain, for every 100 parts of nitrogen applied. The 
results obtained from the several sources of nitrogen are then 
compared with the nitrogen obtained by the straw and grain of 
the sodium nitrate pots reckoned at 100. This comparison 
shows that the plants were able to take only about one-tenth as 
much nitrogen from Philadelphia tankage as from sodium 
nitrate, while they secured seven-tenths as much nitrogen from 
the dissolved leather as from the nitrate. When six-tenths 
gram of nitrogen was applied in the form of sodium nitrate and 
in dissolved leather, both the straw and grain contain a higher 
percentage of nitrogen than when but three-tenths gram was 
applied ; the yield of straw and especially of grain was propor- 
tionately less, however, when the larger quantity was added. 
It is evident that a portion at least of the nitrogen taken up had 
not been turned to account in the production of organic sub- 


stance. 
EXPERIMENT B. 


In this experiment, made in 1895, a soil was selected even 
poorer in nitrogen than the one used in Experiment A. The 
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object of this experiment was to see if more leather—than the 
amount used in the previous experiment—could not be added to 
the same quantity of stronger sulphuric acid, and thus secure a 
fertilizer testing higher in nitrogen. Dissolved leather II was 
therefore prepared by adding sixty grams of fine ground sole 
leather to 120 grams of 60° B. sulphuric acid heated to 200° F. 
The black pasty mass was allowed to stand for one-half hour, 
and was then dried off with calcium carbonate. 

Dissolved leather III was prepared by adding 100 grams fine 
sole leather to 120 grams of 60° B. sulphuricacid. This amount 
of leather and acid—nearly one to one—furnished a very thick 
paste. It was dried off with calcium carbonate, The two dis- 
solved leathers contained the following percentages of nitrogen : 


Per cent. 
ect eM ET 5.6 )5/<:010:6.0i9/0 1s Sole §.caikidte Rewiiweeeenle oes 1.13 
es - RUD dco ewiniade-e eee adaee saa een eimaie ene 1.75 


The composition of the sulphate of potash and magnesia and 
of the double superphosphate, as well as the quantity applied, 
was the same as in Experiment A for 1895. The method of 
filling the pots, planting, and harvesting, was also similar. 

Tables III and IV express the results in a similar way as 
Tables Iand II. The sodium nitrate pots produced rather less 
grain than those to which the dissolved leather was applied. 
This tendency was noted in Experiment A. The three-tenths 
gram of nitrogen in the form of dissolved leather II produced 
about nine-tenths as much dry matter as did a like quantity of 
nitrogen in the form of sodium nitrate. The percentage of 
nitrogen in the dissolved leather plants is noticeably less how- 
ever. The six-tenths gram of nitrogen from both the sodium 
nitrate and dissolved leather did not produce proportionately as 
much dry matter as did three-tenths gram, thus indicating that 
the plant was not able to work it all over into organic matter. 

The three-tenths gram of nitrogen from dissolved leather III 
produced rather more dry matter than did the same quantity of 
nitrogen from sodium nitrate. The percentage of nitrogen in 
the straw and grain was decidedly less however. 

Table IV shows that the oat plants were able to get but sixty- 
five per cent. as much nitrogen from dissolved leather II and III 
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as from sodium nitrate. This confirms the results obtained in 
Experiment A for 1894. The oat plants secured twice as much 
nitrogen from the six-tenths gram as from the three-tenth gram 
in caseofthesodium nitrate and both dissolved leathers, showing 
that the nitrogen was fully utilized. 

GENERAL CONCLUSIONS. 

The above experiments, part of which cover two years, make 
clear that dissolved leather, when properly prepared, yields as 
available a source of nitrogen as the average animal matter used 
for fertilizing purposes. . 

The quantity of nitrogen obtained by the plants from sodium 
nitrate being represented as equal to 100, the quantity obtained 
from dissolved leather during two years has been shown to be 
equal to 70.’ 

In this connection I beg leave to add the results of the avail- 
ability of the various sources of nitrogen as determined by P. 
Wagner. Sodium nitrate is taken as 100 in value, and the 
value of other sources are compared with it. 


ett iad WAREARE ws a.ck:c is BKK RSE ALOE Ok RE EER ema ee 100 
Ammonium sulphate......-eeeeeeeeeeeeceeeee eee deceadd 90 
Dried blood, ground horn, and green plants --------+-+- 70 
Ground bone, ground fish, and flesh ---- +--+ +-++eeeeeeee 60 
Stable manure ...... bb Ka RECHT EEE EEE MS Cia wm ial eee eae 45 
COREE WO aki acceccs ue -seuleslee sea wee han dacnedet aaaes 30 
Cran TOC OOS ss-ciccc 0606 Seer eees ee Reed ecsee cece neue 20 
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." far as we can ascertain, the only investigations of the pro- 
teids obtained from the tubers of the potato have been 
made by Riiling,® Ritthausen,* Zoller,’ and Vines.* 


1The Connecticut Experiment Station, in its recently issued report for 1895, con- 
firmed these results. 

2From the report of the Connecticut Agricultural Experiment Station for 1895. 
Communicated by the authors. 

38 Ann. Chem. (Liebig), 58, 306. 

4 Pfliiger’s Archiv, 21, ror. 

5 Ber. d. chem. Ges., 13, 1064. 

6 Journal of Physiology, 3, 93. 
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Riiling contributes a partial analysis of the coagulum ob- 
tained by boiling the juice of the potato. 

Ritthausen states that nearly the whole of the proteid of the 
potato is contained in the juice. He obtained two preparations 
from the juice by heating to 65° C., filtering off the coagulum 
and heating the filtrate to 76°. The two coagula were analyzed 
with results as stated beyond. He says, ‘‘ these results do not 
contradict the assumption that the potato contains albumin, yet 
the content in sulphur is only one-half as great as in albumin of 
serum, egg and muscle. 

Zoller extracted the pressed and washed potato pulp with ten 
per cent. sodium chloride brine and obtained a globulin, pre- 
cipitable by saturating its solution with sodium chloride and 
when dissolved in ten per cent. sodium chloride brine coagula- 
ting on heating to 59° or 60°. From his result he concludes 
that the potato contains a globulin resembling myosin. 

On investigating the juice of the potato Zoller obtained results 
which led him to conclude that the proteids therein dissolved 
are also globulins, but that further study was needed to explain 
their ‘‘ peculiar deportment,’’ especially, it is to be inferred, the 
fact of coagulation occurring at from 43° to 48°, and again, at 
62°. 

Vines states that prolonged treatment of the ‘‘ crystalloids’’ 
of the potato with ten per cent. sodium chloride solution pro- 
duces no apparent effect, but that they dissolve readily in a 
saturated solution of this salt, thus differing from all other pro- 
tein crystals which he had observed. 

Having had occasion to prepare a quantity of pure starch 
from the potato, we took advantage of the opportunity to exam- 
ine the associated proteids. 

After removing the skins, the tubers were crushed and 
squeezed in a drug press. The juice was strained through 
cloth and allowed to stand and deposit the greater part of the 
suspended matters. It was then saturated with ammonium sul- 
phate and the precipitate so produced was filtered out. The 
potato pulp was washed with water and the washings after 
clearing were also saturated with ammonium sulphate. The 


‘ 
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two precipitates thus obtained were united, dissolved in salt 
solution, filtered clear and dialyzed. 

The washed pulp was then treated with ten per cent. sodium 
chloride solution ; the proteid, thus extracted, was precipitated 
with ammonium sulphate, dissolved in salt solution, filtered 
clear, and also dialyzed. The globulin precipitated very slowly 
on dialysis, and after fourteen days was filtered out. The pro- 
teid obtained from the juice was much greater in amount than 
that from the salt extract of the pulp. The globulin, from both 
juice and salt extract, was then dissolved in salt solution, the 
solutions were united, filtered from a considerable quantity of 
insoluble globulin (rendered insoluble by long contact with 
water), and the solution again dialyzed. After freeing from 
chlorides, the contents of the dialyzer were filtered, the repre- 
cipitated globulin was washed with water and alcohol and dried 
over sulphuric acid, giving preparation 1, weighing 7.34 grams. 

The filtrate, from preparation 1, still contained proteid and 
was therefore saturated with sodium chloride, which completely 
precipitated the remaining globulin. This was then dissolved 
in dilute salt solution and dialyzed in water until free from chlo- 
rides and, as the proteid was not thus precipitated, the dialyzer 
was transferred to alcohol, which soon threw down all the pro- 
teid. ‘This was filtered out, washed in water and absolute alco- 
hol and dried, giving one-half gram of preparation 2. 

The solutions, filtered from the globulin precipitated by the 
dialysis first described, were united and, in order to obtain the 
proteid in a solution of smaller volume, the liquid was saturated 
with ammonium sulphate, the precipitate produced was dissolved 
in a little water and the clear solution dialyzed, first in river 
water and then in distilled water. The globulin so precipitated 
was filtered out, washed with water and absolute alcohol and 
dried, yielding preparation 3, weighing 3.40 grams. The fil- 
trate from this preparation was dialyzed into alcohol and the re- 
sulting precipitate filtered out, washed with absolute alcohol, 
and dried, forming preparation 4, which weighed 1.74 grams. 

The filtrate from 4 was further dialyzed in alcohol and the 
proteid completely precipitated by adding absolute alcohol. 
This substance, after filtering out, washing with absolute alco- 
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hol and drying, weighed 0.53 gram and formed preparation 5. 
These several preparations were analyzed after drying them 
at 110°, with the following results: 
PoTaTO Gi,OBULIN. ‘TUBERIN. 


Osborne and Campbell. Ritthausen. 

zr. 2: <a 4. 5. ze II. 

Carbon.... 53.62 «.--- 53.58 53-64 ewes 000 53,87 
Hydrogen. 6.80 .--- 6.91 6.83 «+. see 7.30 
Nitrogen-- 16.15 16.29 16.36 16.34 16.07 15.76 15.98 
Sulphur .- 1.22 «++. 1.27) 0.86 

a p 23-19 vee Act 

Oxygen... 22.21 «--- 21.88 21.99 
100.00 100.00 100.00 100.00 


The close agreement in composition among our five fractions 
is in itself, strong evidence that, besides this globulin, but little 
proteid is present in the potato. These five fractions practically 
include the whole of the proteid matter dissolved in the juice 
and salt extracts. The above figures given by Ritthausen for 
the composition of the proteid, obtained by coagulation of the 
juice at 65° and 76°, are also in close agreement with ours, 
excepting those for sulphur. The slightly lower nitrogen con- 
tent of the coagulated globulin is to be expected, since proteids 
generally, if not always, yield some ammonia when coagulated 
by heat. 

The potato globulin, when heated slowly in a double water- 
bath, shows a wide range of variation in its coagulation point 
depending on the conditions under which it is dissolved. 

A solution of this globulin prepared by treating a portion of 
preparation 1 with ten per cent. sodium chloride solution and 
filtering out the insoluble matter, became turbid at 56° and a 
flocculent coagulum separated at 64°. After heating some time 
at 70° the coagulum was filtered out and the filtrate, when again 
tested, gave a turbidity at 72° and a flocculent coagulum at 76°. 

Another preparation of this globulin was extracted, in the 
same way, with ten per cent. salt solution, and the dissolved 
proteid was filtered from the insoluble matter and precipitated 
by saturating the solution with sodium chloride. The precipi- 
tated globulin was washed with saturated salt solution and 
removed from the paper mixed with a considerable quantity of 
the concentrated brine. Distilled water was gradually added 
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until all of the proteid dissolved. The resulting solution was 
therefore almost completely saturated with the proteid. This 
solution, when slowly heated in the double water-bath to 44°C.., 
and held at this temperature some minutes, became turbid and 
after a time flocculent, although the temperature remained per- 
fectly constant. After raising the temperature to 50° it was fil- 
tered from the small coagulum which had formed and again 
heated, turbidity occurring at 501° and flocks separating at 51°. 
After heating some time at 56° the solution was filtered from the 
second small coagulum and again tested. Turbidity occurred 
at 58° and flocks separated at 59°, gradually increasing toa large 
coagulum at 66°, which was filtered out. The filtrate now 
became turbid at 63°, flocks, forming at 66°, and increasing to a 
considerable coagulum at 70°. The temperature was raised to 
80° and the coagulum, which was about the same in amount as 
that formed at 66°, was filtered out. The filtrate gave only a 
trace of coagulum on boiling. The two coagula first formed 
were very small compared with the last two. 

This test was then repeated with the same solution diluted 
with an equal volume of water. This solution was heated for 
some time at 44°, but remained perfectly clear. The tempera- 
ture was then very slowly increased and at 53° a turbidity formed 
which, however, was scarcely greater at 56°. Above this tem- 
perature the turbidity increased until flocks separated at 62°, 
and a large coagulum formed at 65°. The solution filtered at 
66°, gave a turbidity at 66°, with flocks at 68°, which formed a 
large coagulum on gradually raising the temperature to 80°, the 
filtrate from which gave no more coagulum on boiling. 

The test was again repeated by mixing four parts of the same 
solution with one of water, and the same results obtained as 
with the solution diluted with an equal volume of water. This 
shows that within wide limits the temperature of coagulation 
does not depend on the relative quantity of dissolved proteid, 
but that the very low coagulation point of the undiluted solution 
was probably due to the presence of nearly enough sodium chlo- 
ride to cause precipitation of the globulin. It will be noticed 
that coagulation of the proteid, which began at 56°, was not 
completed until the temperature had reached at about 80°. 
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This does not necessarily show the presence of several proteids, 
for such gradual coagulation is characteristic of most plant 
globulins, many being only very slowly coagulated, even by 
long boiling.’ The coagulum separated by heating solutions of 
this globulin to 75° C. is very soluble, on gently warming, in 
extremely dilute hydrochloric acid, even acid of 0.01 per cent. 
dissolving the substance readily at 4o°-50° C. The coagulum 
dissolves quickly and completely in one-tenth per cent. caustic 
potash solution at 20° and in one per cent. sodium carbonate 
solution at 70° C. These solutions are precipitated by neutrali- 
zation, but the substance thrown down is not soluble in salt 
solutions. The low heat-coagulation point obtained for the 
solution of the globulin precipitated with salt and dissolved in a 
minimum quantity of water isin accord with that given by Zol- 
ler for the proteid similarly obtained by him from the juice of 
the potato, and our observations explain to some extent the 
questions which he considered to require further investigation. 

In order to determine more definitely whether other proteids 
were present with the globulin, a larger quantity of filtered 
potato juice, obtained from potatoes which had been washed 
carefully, but from which the skins had not been removed, was 
saturated with ammonium sulphate, the precipitate was dis- 
solved in dilute salt solution, which was then filtered and satu- 
rated with sodium chloride. The globulin thus precipitated was 
filtered out, the filtrate was dialyzed for twenty-four hours in 
order to remove a considerable part of the salt, and was then 
saturated with ammonium sulphate. The small quantity of 
proteid thus precipitated was filtered out, dissolved in a little 
dilute salt solution and sodium chloride added to complete satu- 
ration. A considerable part of the dissolved proteid was thereby 
precipitated, which was filtered out and dissolved in dilute salt 
solution. The resulting liquid became turbid on heating to 58° 
C. and flocculent at 60°. The substance was evidently a part of 
the globulin which had escaped precipitation on the first satura- 
tion with salt, probably owing to the presence of sonie constit- 
uent of the juice. 

The solution filtered from the salt saturation precipitate /ast 


1 Chittenden and Mendel, Journal of Physiology, 17, 52. 
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described, was diluted with two volumes of water and then satu- 
rated with ammonium sulphate. The proteid thus separated 
was filtered out, dissolved in water, and found to yield a tur- 
bidity at 52° and a flocculent coagulum at 58°, a coagulation 
point not essentially differing from that of the globulin. 

The whole solution was then heated for some time at 70° C. in 
a water-bath, the coagulum which separated was filtered out, 
and the filtrate, after removing a small quantity of coagulum, 
which separated on heating to 75°, was boiled and found to 
remain clear. ‘This solution was then saturated with ammonium 
sulphate and the very small precipitate produced was filtered 
out, dissolved in a small amount of water and tested with the 
following results: nitric acid added to the solution in the cold 
gave no precipitate; saturation with sodium chloride gave no 
precipitate even when acetic acid was added. The biuret test 
was without result owing to the strong brown color of the solu- 
tion. This substance therefore failed to give the most charac- 
teristic reactions of the proteoses, yet it must be considered as a 
proteose since in its essential properties it agrees more closely 
with this class of proteids than with any other. 

The experiments made by Zoller on the juice of the potato 
were repeated by us with the same results as described by him, 
except that we found the solution of the precipitate produced by 
saturation with salt, to yield a flocculent coagulum at 52°, while 
Zoller’s solution coagulated at 46°-48°. It has already been 
shown that a solution of the globulin similarly prepared gave a 
coagulum at 44°, and on dilution with one volume, as well as 
with one-fourth volume of water, the same solution coagulated 
at 62°. It is thus evident that the temperature of coagulation is 
not to be depended upon as a means of identifying this proteid 
with certainty. The other reactions described by Zoller are 
those given by the potato globulin. From these results then it 
would appear that by saturating the juice of the potato with 
sodium chloride the greater part of the globulin is precipitated, 
but that a not inconsiderable part remains in solution. If this 
is separated by saturation with ammonium sulphate and the pre- 
cipitate so produced is dissolved in water, a large part of this 
globulin can be precipitated by again saturating with salt. The 
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This does not necessarily show the presence of several proteids, 
for such gradual coagulation is characteristic of most plant 
globulins, many being only very slowly coagulated, even by 
long boiling.' The coagulum separated by heating solutions of 
this globulin to 75° C. is very soluble, on gently warming, in 
extremely dilute hydrochloric acid, even acid of 0.01 per cent. 
dissolving the substance readily at 4o-50° C. The coagulum 
dissolves quickly and completely in one-tenth per cent. caustic 
potash solution at 20° and in one per cent. sodium carbonate 
solution at 70° C. These solutions are precipitated by neutrali- 
zation, but the substance thrown down is not soluble in salt 
solutions. The low heat-coagulation point obtained for the 
solution of the globulin precipitated with salt and dissolved in a 
minimum quantity of water isin accord with that given by Zol- 
ler for the proteid similarly obtained by him from the juice of 
the potato, and our observations explain to some extent the 
questions which he considered to require further investigation. 

In order to determine more definitely whether other proteids 
were present with the globulin, a larger quantity of filtered 
potato juice, obtained from potatoes which had been washed 
carefully, but from which the skins had not been removed, was 
saturated with ammonium sulphate, the precipitate was dis- 
solved in dilute salt solution, which was then filtered and satu- 
rated with sodium chloride. The globulin thus precipitated was 
filtered out, the filtrate was dialyzed for twenty-four hours in 
order to remove a considerable part of the salt, and was then 
saturated with ammonium sulphate. The small quantity of 
proteid thus precipitated was filtered out, dissolved in a little 
dilute salt solution and sodium chloride added to complete satu- 
ration. A considerable part of the dissolved proteid was thereby 
precipitated, which was filtered out and dissolved in dilute salt 
solution. The resulting liquid became turbid on heating to 58° 
C. and flocculent at 60°. The substance was evidently a part of 
the globulin which had escaped precipitation on the first satura- 
tion with salt, probably owing to the presence of somie constit- 
uent of the juice. 

The solution filtered from the salt saturation precipitate /ast 


1 Chittenden and Mendel, Journal of Physiology, 17, §2. 
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described, was diluted with two volumes of water and then satu- 
rated with ammonium sulphate. The proteid thus separated 
was filtered out, dissolved in water, and found to yield a tur- 
bidity at 52° and a flocculent coagulum at 58°, a coagulation 
point not essentially differing from that of the globulin. 

The whole solution was then heated for some time at 70° C. in 
a water-bath, the coagulum which separated was filtered out, 
and the filtrate, after removing a small quantity of coagulum, 
which separated on heating to 75°, was boiled and found to 
remain clear. This solution was then saturated with ammonium 
sulphate and the very small precipitate produced was filtered 
out, dissolved in a small amount of water and tested with the 
following results : nitric acid added to the solution in the cold 
gave no precipitate; saturation with sodium chloride gave no 
precipitate even when acetic acid was added. The biuret test 
was without result owing to the strong brown color of the solu- 
tion. This substance therefore failed to give the most charac- 
teristic reactions of the proteoses, yet it must be considered as a 
proteose since in its essential properties it agrees more closely 
with this class of proteids than with any other. 

The experiments made by Zoller on the juice of the potato 
were repeated by us with the same results as described by him, 
except that we found the solution of the precipitate produced by 
saturation with salt, to yield a flocculent coagulum at 52°, while 
Zoller’s solution coagulated at 46°-48°. It has already been 
shown that a solution of the globulin similarly prepared gave a 
coagulum at 44°, and on dilution with one volume, as well as 
with one-fourth volume of water, the same solution coagulated 
at 62°. It is thus evident that the temperature of coagulation is 
not to be depended upon as a means of identifying this proteid 
with certainty. The other reactions described by Zoller are 
those given by the potato globulin. From these results then it 
would appear that by saturating the juice of the potato with 
sodium chloride the greater part of the globulin is precipitated, 
but that a not inconsiderable part remains in solution. Ii this 
is separated by saturation with ammonium sulphate and the pre- 
cipitate so produced is dissolved in water, a large part of this 
globulin can be precipitated by again saturating with salt. The 
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proteid still remaining in solution is nearly all coagulable and 
the solution on heating behaves exactly like a solution of the 
globulin. 


CONCLUSION. 

The proteids of the potato tuber consist of a globulin, for 
which we propose the name 7zéerin, and a proteose, the latter 
occurring in very small amount. The properties of tuberin 
were found to be as follows : 

It is precipitated by saturating its solutions with sodium chlo- 
ride, sodium sulphate, magnesium sulphate, or ammonium sul- 
phate. By acetic acid or nitric acid a precipitate is given 
readily soluble in an excess of acid even in the presence of salts. 
Potassium ferrocyanide gives no precipitate until acetic acid is 
added. Mercuric chloride gives no precipitate, but picric acid 
or tannic acid throw down the globulin. With the biuret, Mil- 
lon’s and the xanthoproteic tests the usual reactions are given. 

Tuberin is soluble in very dilute saline solutions and there- 
fore the juice of the potato contains the greater part of this pro- 
teid. By dialysis it is precipitated slowly and incompletely 
because of the difficulty of removing a@// soluble salts by this 
process. Like other easily soluble globulins it readily changes 
to the insoluble modifications, so that preparations made by 
dialysis are to a great extent insoluble in saline solutions. In 
contact with alcohol it very quickly loses its solubility. 

When dissolved in ten per cent. sodium chloride solution 
tuberin shows a somewhat variable heat-coagulation point 
depending on the conditions under which it is tested. In gen- 
eral a flocculent coagulum is formed on heating to 60°-65° C. 
Coagulation is, however, not complete until the solutions have 
been heated for some time at 80° C. The composition of this 
globulin was found from an average of several accordant analy- 
ses to be: 


TUBERIN 
ReaD EAES: co. oss s0-0 0: pcwieiareiere bib 0)6'001 0.9 006 19 -slb- Wolo Ornibb ere Reineleees 53-61 
Hydrogen «eee cece ee cece ee cece e eee r ee te eeeeeeeeee ce 6.85 
Nitrogen «-eeee cece ee cece ee cree ce ee eee ee renee teeeees 16.24 


Sulphur. .---eee cece ee cece cece ee ee ee eee eee cece ence cees 
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LEGUMIN. 
NDER the name Legumin, many preparations, obtained 
U from various seeds, have been described, but in such 
different and often conflicting terms as to leave us completely in 
doubt with regard to the nature of this substance. 

This confusion appears to have arisen largely through the 
mistaken idea, which formerly was very generally held, that all 
the proteids extracted from seeds by water and precipitated by 
acids are one and the same substance. 

The methods of analysis employed by the earlier chemists 
were too crude or uncertain to set forth the slight differences in 
composition of the various plant proteids, and the difficulty of 
making pure preparations tended, as the subject was further 
studied, to add to the confusion. Since the methods of analy- 
sis have been perfected and the more recently developed modes 
of studying proteids introduced, legumin has received little or 
no attention. In recent literature legumin is most commonly 
referred to as a substance extracted from seeds by caustic alka- 
lies, and more or less altered by the action of the solvent, but 
nothing has been done, to our knowledge, to show the nature of 
the original proteid. 

The object of our investigation has been to examine the seeds 
in which legumin is said to exist and to determine as definitely 
as possible the composition and character of this substance. 

In 1806 Einhof’ recognized a proteid in beans and lentils 
which he considered to be different from the bodies of this class 
previously known. 

Braconnot’ named this substance legumin. 

Noad* prepared and analyzed legumin from peas and beans. 

Norton’ prepared legumin from peas, sweet almonds, and oats, 
and gave analysis of his preparations. 


1From the Report of the Connecticut Agricultural Experiment Station for 1895. 
Communicated by the authors. 

2Gehlens: /. d. Chem., 6, 543. 

3 Ann. de Chim. et de Phys., 34, [2] 68, 7827. 

4 Chem. Gaz., 1847, 357. 

5 Am. J. Sct., |2], 5, 22, 1847. 
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Loewenberg' considered that legumin, as previously prepared, 
contained albumin and devised a method for the separation of 
these two proteids and gave analyses of the substances so pre- 
pared from almonds and peas. 

Liebig* obtained plant casein (legumin) from beans, lentils, 
and peas, and gave an account of the properties of this proteid 
and two analyses. He concluded that the substance was iden- 
tical in properties and composition with milk casein. 

Dumas and Cahours® prepared legumin from peas, lentils, 
beans, almonds, plums, filberts, and white mustard. They con- 
sidered all these seeds to contain the some proteid substance ; 
that obtained from the three first named seeds being less pure 
than that from the others and therefore containing somewhat 
less nitrogen. 

They gave analyses of preparations from all these seeds and 
an extended account of the properties of legumin, based on a 
study of the preparation obtained from the almond. 

Contrary to Liebig, they concluded that this substance is not 
identical either with milk casein or plant casein. The latter 
designation they applied to the body which separates out on 
cooling a concentrated hot alcoholic extract of wheat gluten. 

Rochleder* pointed out that the substance obtained from 
beans, lentils, and peas by Liebig was different from that of the 
almond described by Dumas and Cahours, and that for this rea- 
son these investigators did not reach the same conclusions. 
Rochleder prepared and analyzed legumin from two varieties of 
beans. 

In 1868 Ritthausen undertook a study of legumin, the results 
of which are recorded in a series of papers whose publication 
extended over a period of fifteen years.’ 

He recognized that the seeds of almonds, plums, filberts, and 
white mustard, which had been previously stated to yield legu- 
min, really contain a different proteid, which he called conglutin. 


1 Ann. Phys., Pogg., 78, 327. 

2 Ann. d. Chem. u. Pharm., 39, 138. 

3 J. prakt. Chem., 28, 398. 

4 Ann. da. Chem. u. Pharm., 46, 155. 

5 J. prakt. Chem., 103, 65, 78683: Die Eiweisskorper, etc., Bonn., 1872: Pfliiger’s 
Archiv., 15, 269, 7877: bid, 16, 293, 17878: bid, 18, 236, 7787: J. prakt. Chem., [2], 24, 221, 
1881 ; Ibid, [2]. 26, 504, 7882. 
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Up to this time legumin was considered to be the proteid that is 
extracted from seeds with water and is precipitated by acids 
from the aqueous extract. 

All proteids thus obtained had been regarded as identical by 
most investigators and were known either as legumin or plant 
casein. Although it had been suggested that different seeds 
yield different proteids, Ritthausen appears to have been the 
first to make this fact evident. Ritthausen prepared ‘‘ legumin’’ 
from blue lupins, yellow, green, and gray field peas, yellow 
garden peas, lentils, vetches, horse beans (Vicia faba), white 
and yellow beans (Phaseolus) and colza cake. The. proteid of 
Phaseolus, Ritthausen afterwards found to be distinct from legu- 
min, and one of us has, in the main, confirmed his later result 
and has named the proteid phaseolin.' Ritthausen afterwards 
considered the proteid which he obtained from colza cake to be 
an impure preparation of a different substance. Hisearly analy- 
ses’ of preparations from the leguminous seeds were fairly 
accordant, but he afterwards found that the soda lime method 
which was used in determining nitrogen gave too low results. 
He thereupon determined nitrogen anew by Dumas’ method, 
and quand a revised statement of the mean composition of 
legumin.” 

In another paper published shortly afterwards, Ritthausen 
withdrew the corrected figures for nitrogen, having found that 
they were too high, because the nitrogen of his later analyses 
was mixed with hydrogen. He therefore published a third set 
of figures for nitrogen and made a sania revised statement of 
the mean composion of legumin.”* 

At this time Hoppe-Seyler’ and Th. Weyl? stated that the 
proteids of plants are chiefly globulins and Weyl examined 
qualitatively a number of seeds, by extracting then with ten per 
cent. sodium chloride solution, and found proteids resembling 
in their reactions animal myosin and vitellin. They asserted 


1 Report of the Conn. Agricuitural Experiment Station, 1893, p. 186, and This Jour- 
nal, 16, 633. 

2 Die Eiweisskorper, etc., Bonn., 1872. pp. 159, 176. 

8 Pfliiger, Archiév.. 16, 293, 7877. 

4 Pfliiiger, Archiv., 18, 236, 7&78. 

5 Physiol. Chemtie., p. 75. 

6 Ztschr. phys. Chem., i, 72. 











586 THOMAS B. OSBORNE AND GEORGE F. CAMPBELL. 


that the substance called legumin by Ritthausen was doubtless 
originally a globulin and that the preparations of this substance 
described and analyzed by him were altered by the alkali which 
he used in extracting them and were not the proteids originally 
contained in the seeds. Ritthausen contended strongly against 
this view and maintained that his preparations were wholly 
unaltered by the alkali. He extracted several kinds of seeds 
with salt solution, precipitated the proteid by dilution with 
water and found that the preparations of legumin so made were 
not essentially different in composition from those obtained by 
extracting with dilute potash water.’ He then examined his 
older preparations, made by extracting the seeds with weak 
alkali and showed that they were to a very considerable extent 
soluble in salt solution. The substance thus extracted had, in 
many cases, a different composition from that of the original 
preparation, and Ritthausen then concluded that all the prepa- 
rations which he had previously described as legumin were, in 
fact, mixtures of the two proteids, one, soluble in salt solution 
after dissolving in potash water and precipitating with acid, 
similar to, but distinct from conglutin, and the other originally 
soluble in salt solution but rendered insoluble in that fluid by 
treatment with alkalies. This latter he called legumin. 

He then purified the legumin by extracting the mixed pro- 
teids from the seed with dilute alkali, neutralizing with acid, 
extracting the precipitate so produced with sodium chloride 
solution to remove proteids soluble in that fluid and then redis- 
solving the residue, consisting mostly of legumin, in dilute 
alkali and reprecipitating with acetic acid. 

Two preparations were so obtained, one from the pea and 
another from the horse bean ( Victa faba). 

Ritthausen regarded his study of these preparations as show- 
ing that the substance from Vicia faba was a compound of tan- 
nic acid with the salt soluble proteid and that it was doubtful 
whether the horse bean contains legumin at all. 

The preparation from the pea he finally omen to be legu- 
min, having the following composition : 

1]. prakt. Chem., 26, 504. 
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LEGUMIN OF PEA, RITTHAUSEN. 





PRS DOE oo: «: :0:615:s eaves nie! lars ormie: 8 aecerarelel cee alae ekearareaiea a aaa are 51.34 
HyCrogen «2... cees cecccc cece ccccce cece cece seseseces 6.98 
Nitrogen CTC eT rer 17.48 
Stl Pitta 0)e «:2's-0'sie/eie <:5/eishe) dining aieia artietaierneieleleieietiere aia mers 0.45 
OXYZEN «2 oe cece cece ee eens cece ee cee eee eens covensseees 22.75 

100.00 


This analysis represents the composition of legumin not in its 
original condition, but so altered as to be insoluble in saline 
solutions. Of the reactions of legumin we know little more than 
that it dissolves in salt solution and is precipitated by diluting 
with water. 

In the following pages we give the outcome of our recent 
investigation into the composition and properties of legumin as 
contained in the seeds of the pea and the vetch. 

Here, as in former papers, we have described our procedure 
with considerable, perhaps unnecessary, detail, but having often 
experienced great difficulty in understanding and repeating the 
work of our predecessors because of the vagueness of their state- 
ments, we have endeavored to describe our methods and results 
so fully and accurately that any who may wish to review our 
investigations experimentally may find it practicable to do so. 

I. PROTEIDS OF THE PEA. 


One hundred grams of garden peas ground to pass a sieve of 
one mm. mesh were extracted with petroleum naphtha to remove 
oil, then dried by exposure to the air, and finally treated with 
one liter of ten per cent. sodium chloride solution. As the very 
viscid extract could scarcely be filtered through paper, an equal 
volume of ten per cent. sodium chloride solution was added, and 
after some time one-half the solution passed the filter clear. 
This was saturated with ammonium sulphate, the resulting pre- 
cipitate was filtered out, dissolved in salt solution, and the 
liquid dialyzed free from chlorides. The proteid separated, as 
do all vegetable globulins thus far observed, in spheroids. No 
distinct crystals could be detected in this or any of our prepara- 
tions from the pea. When the chloride had been removed by 
dialysis the precipitate was filtered out, washed with water and 
alcohol, dried over sulphuric acid, and found to weigh three 
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and a half grams, being about seven per cent. of the meal. 
Dried at 110° this preparation was analyzed with the following 


results : 
PEA LEGUMIN, I. 





CRNA io. 58 0 6 86S Bb Ts BW SERS SSO Oreinewralneloeralored 52.03 
Hydrogen ...... seeceecccccs cece ceceecseeeee seer cece 6.96 
Nitrogen 2... 22. cece eee e cece ee cece eee n ee cnes ceeees 17.98 
Sulphur. 060005000 + cecescevscs encase sees sesnecese iY 25.03 
(0) 044 Ge ea J 

100.00 
PAI ie 55a laicin tain vob ase eeN ete WARES wees SW EO Oe Me tie Sire le we 0.41 


Another preparation was made by extracting 500 grams of 
pea meal with three liters of ten per cent. sodium chloride brine 
and after allowing the mixture, protected with thymol, to stand 
three days in a cool place, 1500 cc. of the extract were decanted. 
Although very turbid, this was saturated with ammonium sul- 
phate without filtering, and the precipitate produced was filtered 
out and dissolved in brine. The resulting solution was then 
filtered without much trouble and the clear filtrate dialyzed 
free from chlorides. After washing and drying the globulin 
thus precipitated, and amounting to ten grams or about five per 
cent. of the meal, had the following composition : 

PEA LEGUMIN, 2. 





I. ze. Average. 

RE, os doa Soe oe eatlwaasealesee 52.08 52.19 52.14 
Hydrogen. .......0ssesceesesees 7. 6.95 7.01 
Nitrogen aa ieee tata s aleseia ta 18.01 17.91 17.96 
Sulphur ........-.0 eeeeseeeee 0.49 Staves 0.49 
OXYQEN - eee cece cece cece rece eees are eee 22.40 

100.00 
ee ry eee rr a 0.33 


In order to obtain larger quantities of this proteid for frac- 
tional precipitations 800 grams of pea meal were treated with 
four liters of twenty per cent. sodium chloride solution, and by 
draining on filters over night about one-half the solution applied 
to the meal, or two liters, was obtained as a clear yellow filtrate, 
which was saturated with ammonium sulphate, but for a reason, 
then unknown, very little proteid separated. Dilute acetic acid 
saturated with ammonium sulphate was then added in small 
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amount and the proteid separated as a flocculent precipitate. 
This was filtered out and in order to remove the acid as com- 
pletely as possible the precipitate was suspended in about four 
liters of saturated ammonium sulphate solution and again filtered 
out. The precipitate was then dissolved in ten per cent. sodium 
chloride solution and calcium carbonate added to neutralize the 
acid retained by the proteid. The solution then reacted alka- 
line with litmus owing to ammonium carbonate set free from the 
sulphate. The solution was next filtered very nearly clear and 
dialyzed until a large precipitate had formed. This precipitate 
was filtered out, dissolved in salt solution, filtered clear and 
dialyzed free from chlorides. The precipitated globulin was 
washed with water and alcohol and dried over sulphuric acid, 
giving fifty-two grams, in whose analysis, after drying at 110°, 
the following figures were obtained : 
PEA LEGUMIN, 3. 





I. II. Average. 

Rae Betis, coos ares et oe eee 52.30 52.27 52.29 
Hydrogen......2--2esceecsecee 7.06 6.98 7.02 
Nitrogen..--..seeeeeeeesseeeees 37:72 17.79 17-76 
Sulphur ~..- «00.06 +022+ seceees 0.30 wees 0.30 
Oxygen ace RRs Weds DSO Ree vere ames 22.63 

100.00 
ONS a cress: g.aiew.u #. daca ween e.elare etert anwar 0.53 


The solution filtered from this substance after its first precipi- 
tation by dialysis was saturated with ammonium sulphate, the 
resulting precipitate filtered out and dissolved in a little water, 
filtered clear and dialyzed. After removing the greater part of 
the salts by dialysis the precipitated globulin was filtered out, 
treated in the usual manner, and gave 14.2 grams of preparation 
4, having, when dried at 110°, the following composition: 

PEA PROTEID, 4. 





I. II. Average. 
CarbODd occ cccccccecscvcewccs 52.50 coe 52.50 
Hydrogen prakonel sya bokra. eialer ote ar eaetaree 6.74 ude 6.74 
Nitrogen. ....--seeeeceeeee eens 16.83 16.76 16.80 
Sulphur .........seseececscee- 0.49 gets 0.49 
Oxygen TeeTT eT TTT eT eT ee hee eeee 23-73 
100.00 
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Preparation 3, when dissolved in ten per cent. salt solution, 
was found to become turbid at 97° and after long heating in a 
boiling water-bath slowly developed a coagulum. Preparation 
4 contained a considerable quantity of proteid coagulating at a 
much lower temperature. It was accordingly dissolved, as far 
as possible, in a little ten per cent. salt solution and the insolu- 
ble matter filtered out. The clear filtrate was diluted with dis- 
tilled water until the solution contained 0.66 per cent. of salt, 
when a not inconsiderable precipitate formed, which was filtered 
out and the filtrate saturated with ammonium sulphate. This 
produced a relatively abundant precipitate, which was filtered out 
and dissolved in water. This solution, on heating, became tur- 
bid at 52°, and on keeping for some time at this temperature a 
minute quantity of flocks separated. Filtered at 56°, turbidity 
occurred again at 62° and a few flocks formed at 66°. Filtered 
at 67°, the solution became turbid at 70°, the turbidity increas- 
ing above 75° to a heavy flocculent coagulum at 79°. 

It is evident from these results that we have in preparation 4 
at least two proteids, one coagulating at 79°, the other being only 
slowly and imperfectly coagulated at 99°-100°; the former is 
readily soluble in very dilute salt solutions, the latter only 
slightly soluble in solutions containing less than one per cent. of 
salt. The filtrate from preparation 4 was dialyzed in water, but 
as no more globulin separated, the dialyzer was transferred to 
alcohol and the proteid thus completely thrown down. After 
washing with absolute alcohol and drying over sulphuric acid 
12.31 grams of substance were obtained. This, of course, wasa 
mixture of all the proteids extracted from the pea which had 
not been precipitated by dialysis in water. It was therefore 
treated with two per cent. salt solution, a large quantity of pro- 
teid which had been coagulated by the alcohol was filtered out, 
washed with water, with dilute and absolute alcohol, and 
dried over sulphuric acid. This preparation, 5, weighed 7.45 
grams, and gave the following results when analyzed, after dry- 
ing at 110°. 
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PEA PROTEID, 5. 





I. I. Average. 

Car Wiis osc cece pecans ame ues 53-40 53-26 53-33 
Hydrogen.......-.+-eeeee 6.92 7.03 6.98 
Nitrogen. ...---.-eeeeeeeees 16.19 16.09 16.14 
Sulphur ..---+-eee eee eeeeee 1.00 es 1.00 
ORG AEH vo wise cerrncio cw acne Pree Sore 22.55 

100.00 
Bis ire ccwie.sucour-scccmee worse es 0.32 


The filtrate from 5 was saturated with ammonium sulphate, 
whereupon a small gummy precipitate appeared which was fil- 
tered out and dissolved in a small quantity of water. This solu- 
tion when heated became turbid at 49° and flocculent at 60°; fil- 
tered at 75°, turbidity occurred on heating again to 72° and 
flocks formed at 79°. After heating to about 90° no more pro- 
teid was coagulated by boiling. The solution now contained a 
very small quantity of proteose. 

Since acetic acid was used to separate the substance, from 
which 3, 4 and 5 were obtained, from the ammonium sulphate 
solution, it was necessary to obtain more of the proteids without 
the use of acid. It was found that the incomplete precipitation 
by ammonium sulphate was due to the use of twenty per cent. 
sodium chloride solution, in which less ammonium sulphate dis- 
solves than in a ten per cent, salt solution, not enough, in fact, 
to completely precipitate the proteid. The meal residue was 
therefore treated with water enough to reduce the strength of 
the salt solution still adhering to it to about ten percent. A 
further considerable quantity of nearly clear extract was thus 
obtained, which, when saturated with ammonium sulphate, 
readily and completely parted with the proteid. This was fil- 
tered out, dissolved in ten per cent. brine, the solution filtered 
perfectly clear and dialyzed. After a large quantity of globulin 
had separated in the dialyzer its contents were filtered off, the 
precipitate was dissolved in ten per cent. salt solution and treated 
in exactly the same way as 3 had been. This. preparation, 6, 
weighed 37.5 grams and, dried at 110°, had the following com- 
position : 
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PEA LEGUMIN, 6. 





I. 3. Average. 
Carbon. oc occcsevccccesee ees 52.37 eens 52.37 
Hydrogen.......--- +++ eee 6.90 er 6.90 
Nitrogen..--.--eeeeeeeee ees 17.95 17.95 17.95 
Sulphur ...-..-.26--:+es050+ 0.39 Sabais 0.39 
OXYZe-- +e eee ee eee e ec eee eee cece 22.39 

100.00 

Bee Lacs 6cGaa iweb etiaeg es 0.28 


The filtrate from the first precipitation, by dialysis, of this 
substance, when saturated with ammonium sulphate gave a pre- 
cipitate which was dissolved in a little water and the resulting 
solution was filtered clear and dialyzed. After most of the salts 
were thus removed the separated globulin was filtered out, 
washed and dried, and gave 2.44 grams of preparation 7, having 
the following composition, when dried at 110°: 


PEA PROTEID, 7. 





I. II. Average. 
DaetuRe ouKR es eonn causes 52.09 52.02 52.06 
Hydrogen ............+- 6.96 7.08 7.02 
Nitrogen ...---..-....-- 16.75 16.57 16.66 
Sulphur ......--........ 0.55 a 0.55 
OXygen..-...--- cece cess ae re 23.71 
100.00 
AB ei wiasiresiewistnaeweiges 0.20 


This analysis is in fair accord with that of the similarly ob- 
tained preparation 4. 

The filtrate from 7 was dialyzed into alcohol and then abso- 
lute alcohol was added to the solution until all the proteids sep- 
arated. The precipitate thus produced was filtered out, washed 
with absolute alcohol, dried over sulphuric acid and found to 
weigh 7.1 grams. Since this preparation might be a mixture of 
any unprecipitated globulin, with albumin and proteose, if these 
were present, it was treated with water and the considerable 
quantity of proteid coagulated by alcohol was filtered out, washed 
thoroughly with water and then with absolute alcohol and dried 
over sulphuric acid. This gave 4.05 grams of preparation 8, 
which, when dried at 110°, had the following composition : 











LEGUMIN AND OTHER PROTEIDS. 593 


PEA PROTEID, 8. 





I. pix Average. 
CAGHON “as-o0/cciees ssacee. oe 53-60 53-47 53-54 
Hydrogen ..-...+.sseee- 6.99 6.98 6.99 
Nitrogen. .ocssccccsecece 16.72 16.65 16.69 
Sulphur .........-- soos IOI oe 1.oI 
OXY Qe +e e eee ee eeee eee Sans lew 21.77 
100.00 

P| | REE IC re TEP Ne 0.32 


The analysis of 8 agrees well with that of 5 and it is probable 
that these figures pretty nearly represent the composition of a 
second proteid (globulin or albumin) readily soluble in very 
dilute salt solutions. 

Having thus found evidence of the presence of at least two 
proteids in the pea extract, one less soluble than the other in 
very dilute salt solutions, it became necessary to subject the less 
soluble and more abundant globulin to thorough fractioning in 
order to learn whether it was homogeneous or a mixture. 

Twenty-five grams of 3 were therefore dissolved in 250 cc. of 
five per cent. sodium chloride solution, filtered clear and the fil- 
ter washed with fifty cc. of the same salt solution. <A portion of 
the preparation had, as is usually the case with vegetable glob- 
ulins when dried, passed into an insoluble form. This insoluble 
matter when treated with salt solution gave a gummy residue, 
which was difficult to filter out. No estimate of the amount of 
this substance could be made. 

The clear salt solution of the globulin was diluted with twice 
its volume of water, making 750 cc. of a 1.67 per cent. solution 
of sodium chloride. After standing over night the proteid which 
had precipitated on dilution was collected on a filter, washed 
with water and alcohol and dried over sulphuric acid. Prepa- 
ration 9 was so obtained, weighing five and one tenth grams 
and having, when dried at 110°, the composition given below. 

The solution filtered from this substance was treated with an 
equal volume of water making 1500 cc. of a brine containing 
0.84 per cent. of salt, from which after standing some time a 
part of the proteid separated as a viscid layer at the bottom of 
the beaker. The solution was decanted and the precipitate 
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washed and dried in the usual manner. This, 10, weighed 5.29 
grams. The decanted liquid was then dialyzed free from salt 
and the precipitated globulin treated in the usual manner, giv- 
ing 11, weighing 4.10 grams. About three-fifths of the original 
substance was thus recovered in three nearly equal fractions. 
The other two-fifths consisted largely of insoluble globulin. The 
composition of the fractions so obtained was as follows : 
PEA LEGUMIN, FRACTIONS OF 3. 





9. 10. Lr. 

II. Average. i, II. Average. I. II. Average. 

Carbon -- 52.49 52.23 52.36 52.31 52.09 52.20 §2.25 52.25 52.25 

Hydrogen 7.11 7.10 7.11 7.09 6.92 7.01 7.08 +++. 7.08 

Nitrogen. 17.96 18.05 18.01 17.98 17.96 17,97 17.88 17.84 17.86 

Sulphur-- 0.35  ++++ 0.35 0.35. see 0.35 Se! Sri ae 
Oxygen... «--- esos 22.17 sees 22.47 a, 

100.00 100.00 100.00 

BRE ica cnwisaassancnease 0.22 0.61 0.20 


Again, twenty-five grams of preparation 6 were dissolved in 
250 cc. of five per cent. brine, the solution filtered, the residue 
washed with fifty cc. of the same brine and the clear filtrate di- 
luted with one and a half volumes of water, thus giving a two 
per cent. salt solution. After standing over night the precipi- 
tate was filtered out, washed with water and alcohol and dried 
over sulphuric acid. Preparation 12 so obtained weighed 8.58 
grams. 

The filtrate from 12, on adding an equal volume of water and 
treating the precipitate as just described, yielded 13, weighing 
2.84 grams. 

The filtrate from 13, dialyzed free from salt, gave 14, weigh- 
ing four and two tenths grams. 

PEA LEGUMIN, FRACTIONS OF 6. 


12: 13. 14. 
A; II. Average. 3. II. Average. 

Carbon......... 52-26 «++ 52.26 52.08 52.01 52.02 52.02 
Hydrogen..---. 6.96 «++. 6.96 7-04 sees = =7.20 7-20 
Nitrogen....... 17.96 18.06 18.01 17.88 17.81 18.03 17.92 
Sulphur ....... 0.44 +e 0.44) 23.00 ree | 23.86 
Oxygen......-. wee 22.33? cece coor J 

100.00 100.00 100.00 


AB esis sivcwee 0.40 0.19 0.17 
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Comparing the analyses of these fractions with each otherand 
with that of the original substance, it is plain that they all rep- 
resent a single proteid. 


SUMMARY OF ANALYSES OF PEA LEGUMIN. 








Es re a 6. 9. 10. Et. 
Carbon..... 52.03 52.14 52.29 52.37 52.36 52.20 52.25 
Hydrogen-. 6.96 7.01 7.02 6.90 aE 7.01 7.08 
Nitrogen... 17.98 17.96 17.76 17.95 18.01 17.97 17.86 
Sulphur.. ) ee 0.49 0.30 0.39 0.35 0-35 59.8; 
Oxygen..j “2"° 22:40 22.63 22:49 22:17 247i , 
100.00 100.00 I00.00 100.00 100.00 100.00 100.00 
12. io 14. Average. 
Carbon...-- 52.26 52.08 52.02 52.20 
Hydrogen-. 6.96 7.04 7.20 7.03 
Nitrogen... 18.01 17.88 17.92 17.93 
S hur... 0.44) 
Sulp 44 \ 23.00 22.86 22.45 
Oxygen ---- 22.335 





100.00 I00.00 100.00 I00.00 


Ritthausen obtained from peas by extraction with salt solu- 
tion and precipitation with water two preparations, the analyses 
of which are given below, A and B.' 

By treating peas with very weak potash water, adding acid to 
neutralization, extracting the precipitate thus produced with 
salt solution and filtering out the insoluble matter, he obtained 
a solution from which, by adding water, a precipitate was 
thrown down whose composition is given below under C. 


PEA LEGUMIN. 








Ritthausen. Osborne & Campbell 
Average of 18 analyses 

A. B. Cc. ou Io preparations. 
Carbon....+++++- 52.83 51.61 51.62 52.20 
Hydrogen....... 727 7.08 6.96 7.03 
Nitrogen.--.-+-- 17:20 47.26 39:26 17.90 
Sulphur ...... \ 0.33 0.39 
- 22.6 24.08 a va 
Oxygen.-.-.-. J 4 4 22.83 22.48 
100.00 100.00 100.00 100.00 


Ritthausen’s preparation C agrees fairly well with the average 
of our results. The preparations extracted directly from peas 
1], prakt. Chem., 26, 504. 
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by salt solution would appear to be the same substance but less 
pure. Wesee no ground for Ritthausen’s idea that his older 
preparations were mixtures of two proteids both originally solu- 
ble in salt solution, one of which, legumin, is rendered insoluble 
in salt solution by treatment with alkalies. It is much more 
probable that a part of the globulin in his preparations had 
assumed the insoluble condition during the process of separating 
since nearly all globulins, to a greater or less extent, are prone 
to this change. The difference in composition between Ritt- 
hausen’s original ‘‘ legumin’’ and the substance extracted from 
it by salt solution is doubtless due to the greater purity of the 
latter. This view is supported by the close agreement in com- 
position of this substance with those extracted by us directly 
from the pea. For this, the chief proteid of the pea, it is proper 
to retain the name Legumin first proposed by Braconnot. 

The properties of legumin are as follows: 

In water it is entirely insoluble. 

In ten per cent. sodium chloride solution, when freshly pre- 
pared and not dried, it is readily soluble, but after washing with 
alcohol and drying over sulphuric acid, more or less becomes in- 
soluble in salt solution. Dissolved in ten per cent. sodium 
chloride solution legumin is not precipitated by saturating the 
solution with magnesium sulphate, or sodium chloride. Satu- 
rated with sodium sulphate at 20°, no precipitate is produced ; 
saturated at 25°, a turbidity appears; but saturated with sodium 
sulphate at 34°, all but a trace is thrown out of solution. By 
saturation with ammonium sulphate at common temperatures it 
is completely precipitated. 

Dissolved insalt solution, legumin is not precipitated by mercu- 
ric chloride but gives a heavy precipitate on adding either pic- 
ric, tannic, hydrochloric, nitric, sulphuric, or acetic acid. 

In water containing a very small quantity of acid, legumin 
readily dissolves and is precipitated by adding sodium chloride. 
It is readily soluble in dilute alkalies and alkali carbonates. 

Adding to its solution glacial acetic acid and concentrated 
sulphuric acid, a violet color is produced. With cupric sul- 
phate and caustic potash, after standing, a crimson red color 
appears, almost as red as that given by peptones. With Mil- 
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lon's and the xantroprotein tests the usual reactions are given. 
When dissolved in ten per cent. sodium chloride solution and 
gradually heated, the solution becomes turbid at 97° and on long 
heating in a boiling water-bath, a coagulum gradually sepa- 
rates. 

II. PROTEIDS OF THE VETCH. 

One hundred grams of finely ground meal of the seed of the 
common vetch ( Vicia sativa) were treated with water and the 
extract, after filtering clear, was saturated with ammonium sul- 
phate. The small precipitate thereby produced was filtered out 
and dissolved in water ; the resulting solution was filtered clear 
and dialyzed until free from chlorides. The globulin thus pre- 
cipitated, after washing with water and with alcohol, weighed 
1.04 grams. The meal residue was then treated repeatedly 
with ten per cent. sodium chloride solution and after filtering 
clear the extract was saturated with ammonium sulphate, the 
precipitated proteid filtered out and disssolved in brine. The 
resulting solution was filtered clear and dialyzed until free from 
chlorides. The globulin thus precipitated, when washed with 
water and alcohol, and dried over sulphuric acid, weighed five 
grams. When dried at 110° this preparation, 15, had the fol- 
ing composition : 

VETCH LEGUMIN, I5. 





CBGDOE: <ecc.dciieewancwcincsaaauaecwesecigaddaeeeceaeeur 52.45 
Hyd r0gen++--+2 eee c cece cece eee cece ee eens ceeeee eee 6.98 
Nitrogen ----eeee cece eee ee cece cece eee e ee ee eeee ces 18.04 
Sulphur. ...-...eee cee e cece cece cece cree eens ce eeee ees 0.50 
OXYQEM eee cece cece ee cece cee eee eee e eee cece ne ees 22.03 

100.00 
PRGA :6:0:0/64.6 (0. 0:6:0/ 6-09 6 Wielere Wee aoe Se aaa eee Ocoee nel eames 0.27 


The meal residue was next treated with two-tenths per cent. 
potash water, the extract filtered clear and neutralized with 
very dilute hydrochloric acid; the precipitate thus produced 
was dissolved in two-tenths per cent. potash water, the clear 
solution was neutralized with dilute hydrochloric acid and the 
precipitated proteid washed with water and alcohol and dried. 
This preparation, 16, weighed four and four-tenths grams and 
gave the following results on analysis : 
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VETCH PROTEID, 16. 





I. II. Average. 

WOR IRINES, 10:60: /0'5: 6.460 014 6016 Sy810 Se wae ne 52.43 52.43 52.42 
Hydrogen.......sse sees cece ceees m3 7.02 7.07 
Nitrogen. ..---scseee cece cece eens 16.55 eats 16.55 
Sulphur .......eeeeeee cece ees 1 
Oxygen FO PCLT Te EE PTE CTT j 23.96 

100.00 
ili acn dunia sect as saew Cae eeeees 0.74 


Four kilograms of vetch meal were next treated with twelve 
liters of ten per cent. sodium chloride brine and the residue 
washed with the same solution. The extract and washings 
were partly cleared by subsidence, then saturated with ammo- 
nium sulphate. The precipitate so produced was dissolved in 
brine, but the resulting solution was very difficult to filter. The 
greater part of the suspended impurities was removed by pass- 
ing the extract through a loose bed of filter paper pulp and the 
proteid was again separated by saturation with ammonium sul- 
phate. ‘This precipitate was dissolved in brine and the solution, 
kept cold, then filtered perfectly clear. This solution was 
dialyzed in two portions, Dand E. After nearly freeing from 
chlorides, a large precipitate formed in each dialyzer, which was 
filtered out. That obtained from E was washed with water and 
with alcohol as long as any coloring matter was extracted, and 
was then dried over sulphuric acid giving 120grams of aslightly 
pink powder, which will be designated F. That fre 1 D was 
redissolved in ten per cent. sodium chlorine brine, the solution 
filtered perfectly clear and dialyzed until free from chlorides. 
All but a trace of proteid was thus thrown down. The precipi- 
tate was washed thoroughly with water and with alcohol and 
dried oversulphuric acid, yielding preparation 17, which weighed 
ninety grams and was very slightly colored. After drying at 
110°, this preparation had the following composition : 

VETCH LEGUMIN, I7. 





xs II. Average. 
SORIA o.cassig os a P alvr4 Dyes ieee ae sare 51.98 51.97 51.98 
Hydrogen. .----ssseeesseceecees 6.94 6.89 6.92 
Nitrogen. .--++.seseeeceeeee cess 17.96 18.00 17.98 
Sulphur ...2602+0s cscecsicccsces 0.45 wate 0.45 
OXYZeM .- eee e ee eeeeeeceeeeeeene ee oes 22.67 
100.00 


ee i ey 0.20 
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The filtrates from the first dialysis of solutions D and E were 
separately saturated with ammonium sulphate, the precipitates 
obtained were dissolved in water and the solutions filtered and 
dialyzed. The precipitate from D, thrown down by dialysis, 
was redissolved in salt solution and again precipitated by dialy- 
sis. The two preparations of globulin thus obtained were 
washed with water and with alcohol and dried over sulphuric 
acid, that from D weighed 4.11 grams, forming preparation 18, 
and that from E gave preparation 19, weighing 7.67 grams. On 
analyzing these preparations, dried at 110°, the following 


results were obtained : 
VETCH LEGUMIN. 





18. 19. 

CAP DOL: «6.01050 e aiciccc sivcicsisie sects waees 52.21 52.18 
Hydrogen ...... cece cccececcee sens 6.82 6.82 
Nitrogen .--- sees eeeeee cece ce eeees 17.99 17.99 
Sulphur Cece e cree ceeeee cecece ceeees 0.37 0.36 
Oxygen PENS EET Cr ne 22.61 22.65 
100.00 100.00 

Ash Ceccce ccccecscccceereceeeccce cece 0.23 0.12 


The filtrate from the first precipitation by dialysis of 18 was 
united with the filtrate from 19 and the heat coagulation point 
determined in a portion of the solution, in which ten per cent. 
of sodium chloride had been dissolved. This solution became 
turbid at 56° and flocks separated at 63° in considerable quan- 
tity. After heating to 70° for some time and filtering, turbidity 
occurred on heating to 71° and a flocculent coagulum formed at 
73°, about the same in amount as at 63°. After heating to 78° 
the solution was filtered and again heated, the turbidity forming 
a third time at 79° and flocks at 83° in smaller quantity than 
before. This slow and incomplete coagulation does not neces- 
sarily indicate the presence of several coagulable proteids in the 
solution, for there is no temperature interval between the suc- 
cessive coagula, the temperature at which turbidity occurs and 
a flocculent coagulum develops being determined, after the first 
coagulum has formed, by the temperature at which the solution 
was filtered. Each time the solution becomes turbid at a tem- 
perature just above that to which it had been previously heated 
and a flocculent coagulum separates at three or four degrees 
higher. 
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The presence of salts has much influence on the coagulation 
point, for another portion of this same solution, to which no 
salt had been added, became turbid at ten degrees lower than 
the portion wherein ten per cent. of sodium chloride had been 
dissolved and gave the last flocculent coagulum at a tempera- 
ture ten degrees higher. 

The solution, portions of which had served for the foregoing 
observations, was then dialyzed into alcohol until concentrated 
to one-half its original volume, when a considerable precipitate 
formed, which was filtered out, washed with alcohol, and dried 
over sulphuric acid. This substance consisted of a mixture of 
all the proteids remaining in solution after separating the globu- 
lin, as described. Any albumin or globulin which might be 
contained in this precipitate would probably be largely if not 
wholly coagulated by the long treatment with alcohol and the 
subsequent drying. This preparation was therefore very finely 
pulverized and extracted thoroughly with water. The insolu- 
ble residue was then washed with alcohol and dried, yielding 
13.52 grams of preparation 20, which was found to have the fol- 
lowing composition : 

VETCH PROTEID 20. 


I. II. Average. 

CN Co ESM POE eI a eae eT ET 53-45 53-65 53-55 
Hydrogen..---seeeseeeeeeeeeeee 6.67 6.73 6.70 
Nitrogen Sn rE er eae en 16.46 ae 16.46 
Sulphur ...... +--+ ssceee seen 1.02 tet 1.02 
Oxygen Pee Tee ee ee ee ee 22.27 

100.00 
DO a one on 066006. 00664060 sa6eeune 0.29 


The solution filtered from 20 was further dialyzed into alco- 
hol and a second precipitate obtained, which, when washed with 
alcohol and dried, weighed 5.64 grams, and was composed as 


follows: 
VETCH PROTEID, 21. 


I. ai. Average. 
SEINE |e o'.6:0-6:0:15-0:0 6) 6010.40 :0 00 4%" Sines 52.55 52.66 52.60 
Hydrogen pisidavereuh: 5 lela Mid ob ataeio aie 6.70 6.95 6.83 
Nitrogen ig avec taroneig mete a rersieleminieins 16.53 16.76 16.69 
Sulphur ...--.-.-seeee eee eee 123 Re tes 1.23 
OXYGEN - oe eee cece eee ee ee ce eeee ans eaiele 22.65 


100.00 


ee) 
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The filtrate from the precipitate produced by the first dialysis 
into alcohol, from which preparations 20 and 21 had been 
obtained, was further dialyzed into alcohol yielding a second 
precipitate which, when washed with alcohol and dried over sul- 
phuric acid, weighed 2.21 grams and formed preparation 22. 
This consisted of proteose and, after drying at 110°, had the 
composition as follows : 


VETCH PROTEOSE, 22. 


I. II. Average. 

Rat El asic <0) nce Weleas sctes 50.95 50.76 50.85 
Hydrogen.---+-+ssee cece cece cece 6.78 6.72 6.75 
Nitrogen i Sibi euihiale/S @inie eee ame ea ale 16753 16.79 16.65 
Sulphur. .......ssee ese seeces 
OXY Qe ores eee eee eee ee eeee j a noe , 25-75 

100.00 
PONE cies cols eae eidwee ee Hee eae seas 2.18 


Comparing the composition of 21 with that of 20, it is seen 
that, excepting carbon, the figures agree quite well. 21, how- 
ever, contains one per cent. less carbon than 20, which is easily 
explained by its being a mixture of the proteose represented by 
22, and the proteid represented by 20. Such a mixture would 
be expected from the method of preparation. 

If 20 is compared with 5 and 8, obtained in a similar manner 
from the pea, by dialysis of its extracts into alcohol, after pre- 
cipitation of the greater part of the globulin contained in these 
extracts by dialysis in running water, it will be observed that 
they agree rather closely. It is hardly possible by this method 
to obtain entirely pure preparations, but our results show that 
the vetch and pea both contain another proteid that is different 
from legumin in composition and in properties. 

To facilitate comparison these analyses are here tabulated. 


Pea proteid. Vetch proteid. 
<: 8. 20. 
Carbon ..-.ceceessccscecccees 53-33 53-54 53-55 
Hydrogen RO Me OT Te 6.93 6.99 6.70 
Nitrogen...--.+.eeeseeeeee eee 16.14 16.69 16.46 
Sulphur ........-.-.seeeee eee 1.00 I.OI 1.02 
Oxygen Ries OS Ae Aen Ceara ees re 22.55 21.77 22.27 








100.00 100.00 100.00 
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It will be noted that this proteid contains more carbon and 
less nitrogen than legumin and nearly twice as much sulphur. 

Whether it is a globulin soluble in extremely dilute salt solu- 
tion or an albumin soluble in pure water, we have not as yet 
undertaken to ascertain, for want of time. 

The residue of the meal extracted, as described, with salt 
solution, was treated with two-tenths per cent. potash solution, 
a portion of the alkali extract was filtered clear and neutralized 
with very dilute hydrochloric acid. The precipitate which 
resulted was dissolved in two-tenths per cent. potash water, and 
after filtering perfectly clear, again thrown down by neutraliz- 
ing with hydrochloric acid. After drying 12.4 grams of 23 were 
obtained, having the following composition : 


VETCH PROTEID, 23. 


Fr. 3. Average. 

OQIMDED: 5 6 .6:5:10:6-0:0 60 54s oleh waicie wees 53-00 52.99 53-00 
Hydrogen ease MRSA Ranetetawliie Sans 6.91 7.02 6.97 
Nitrogen ee rT eee ee 16.45 ae 16.45 
Sulphur 5 ap pelea ib pieesdciale: at ea waren 0.53 a 0.53 
OXYQZEN- eee eee ee ee cece eee eeeee oes eoee 23.05 

100.00 
MAREN Saas tarp 5 lia ta eee lala wee ware eee 0.92 


If this analysis is compared with that of 16, it will be noted 
that, although they agree in nitrogen content, they differ as 
respects carbon. The sulphur found in 23 would indicate that 
23 is a mixture of legumin with other substances. It seems to 
us probable that it is mainly legumin which escaped extraction 
by the salt solution through imperfect pulverization of the meal 
or its incomplete exhaustion by the brine, or because it was 
present in the salt-insoluble form, a form which it may have 
assumed in the seed itself, or under the action of the solvents to 
which the meal was subjected. It has been our experience with 
other seeds that extractions with alkali, after exhausting the 
seed with salt solution, yields products which, in most cases, it 
is impossible to purify. 

In order next to determine whether the legumin found in the 
vetch seed is a single proteid or a mixture, the following frac- 
tional precipitations were made. 

One kilogram of the meal was extracted with ten per cent. 
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sodium chloride solution and, after filtering clear, the extract 
was saturated with ammonium sulphate and the proteids, thus 
precipitated, dissolved in 300 cc. of ten percent. brine. The 
solution now measured 400 cc. and contained about eight per 
cent. of salt. After filtering perfectly clear, from a small 
amount of insoluble matter, an equal volume of distilled water 
was added. On standing a short time the proteid thus precipi- 
tated collected on the sides and bottom of the beaker as a sticky 
deposit, leaving the solution nearly clear. The latter was then 
decanted and the translucent, gummy mass of proteid washed 
with water, which caused it to turn opaque and become brittle, 
so that it was easily rubbed to a coarse powder. 

After washing repeatedly with water the proteid was thor- 
oughly washed with dilute alcohol, then with absolute alcohol, 
and dried over sulphuric acid. The preparation, 24, weighed 
13.4 grams. 

The solution decanted from 24 was cooled in an ice box over 
night and the clear supernatant liquid poured from the per- 
fectly transparent semifluid layer which had thus formed on the 
bottom of the beaker. After washing and drying, 12.9 grams 
of preparation 25 were obtained. The solution decanted from 
25 was mixed with an equal volume of distilled water and left 
over night in the ice box. A transparent layer of proteid was 
again deposited, which, when washed and dried, yielded 4.00 
grams of 26. 

The solution decanted from 26 was saturated with ammonium 
sulphate, the precipitated proteid dissolved in salt solution, and 
after filtering, the proteid was precipitated by dialysis. The 
globulin thus separated, after washing and drying, weighed 
3.35 grams, and formed preparation 27. 

The following figures were obtained by analyzing these pre- 
parations when dried at 110°. 

VETCH LEGUMIN. 


24. 25. 26. 7m 
Carbon.....--...2-+- 52.05 51.78 52.17 52.04 
Hydrogen ......----- 6.99 6.89 6.92 7.06 
Nitrogen .-------++-.- 18.02 18.06 17.70 18.02 
Sulphur...........-- 0.56 0.48 
Oxygen -....0.eeeeee 22.38 22.79 ae 22.88 








100.00 100.00 100.00 100.00 
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Several grams of preparation E, described on page 598, were 
dissolved in a little two-tenths per cent. potash water, the solu- 
tion was diluted considerably with distilled water and carbon 
dioxide passed through it. At first the solution remained 
clear, but after a time the proteid suddenly and almost com- 
pletely separated as a voluminous precipitate, the filtrate from 
which yielded but a trace of proteid on saturating with ammo- 
nium sulphate. The precipitate was washed with water and 
then treated with salt solution. A part dissolved and the rest 
was converted into a swollen gelatinous mass which rendered 
filtration impossible. After standing over night the solution 
was poured off and the gummy residue was washed by decanta- 
tion, at first with salt solution and then with water. On wash- 
ing out the salt, the residue lost its gummy character and be- 
came a dense, rapidly settling precipitate which was readily col- 
lected on a filter and completely washed with water and then 
with alcohol. After drying over sulphuric acid it furnished 2.62 
grams of preparation 28. This peculiar behavior of legumin 
which has lost its solubility in salt solution, we have observed 
in a number of cases. 

E, when treated directly with salt solution, behaved in exactly 
the same manner as the precipitate obtained by passing carbon 
dioxide through its solution in dilute potash water, that is, a part 
dissolved and a part remained as a gummy residue, which was 
dehydrated (?) by washing with water. The saline solution 
described above, which had been decanted from the part of the 
carbon dioxide precipitate which was insoluble in salt solution, 
was filtered clear and dialyzed free from chlorides. The pre- 
cipitate which resulted was filtered out, washed and dried inthe 
usual manner, and yielded 29. These two preparations were 
found to have the following composition : 


VETCH LEGUMIN. 
28. 29 


SREMINE in, ware scion vis vie we ei ciwiaeia nese wane 52.11 51.89 
Hydrogen Be AOD PER RC ee Rare eee ee eee 6.82 6.88 
Nitrogen SD eveiiskiecs See Sank eee 6s eee 18.17 18.09 
Sulphur ..........scsesscece cece cone 0.53 0.40 
Oxygen aera sae ke hee eee SOO ew 22.37 22.74 

100.00 100.0C 


Pislain aeistve mine ow fe aioletao siete Saree siece : 0.13 
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Several grams of preparation 17 was dissolved in a little two- 
tenths per cent. potash water and the resulting clear solution 
was neutralized with dilute acetic acid, thereby precipitating 
the proteid. A portion of this precipitate was tested with ten 
per cent. sodium chloride solution and found to dissolve to a 
large extent and on warming to 50° nearly all went into solution. 
The remainder of the precipitate was washed, dried and analyzed 
with the following results : 


VETCH LEGUMIN, 30. 


CACNOe 6a visinisn Sicciccsremicesiemes asWlede Cenpecsen ume anala 52.06 
Hydrogen ..---- sees cece ee cere c ence e cence cence cencens * 6.80 
Nitrogen ---- eee cece eee ee cece ween ee cece ee we ccec eee 17.98 
Sulphur. ...... 2-2 cece cece ce cece cece cece cece scene cece 0.53 
OXYQEM eee cece ee eee eee ee rece ee eee ee eeee cee eeees 22.63 

100.00 
PON ota. see os wid wise vie vse nmislne 4a ca gietialgetoem aaaesiereaaae 0.15 


Another portion of preparation 17 was dissolved in a little 
two-tenths per cent. hydrochloric acid and yielded a clear solu- 
tion, which was neutralized with one-half per cent. sodium car- 
bonate solution. The resulting precipitate was partly soluble 
in ten per cent. salt solution. It was washed and dried and, as 
preparation 31, gave the following figures when analyzed: 


VETCH LEGUMIN, 3I. 


ABW 6 sicigccoes e tale ete Cle see ea Renee miemeda ae eatin eee ae 2.52 
Hydrogen -------- cece cece cece cece tree ecceree reece 6.68 
Nitrogen ..-..--- ee cece cece cece rece eee ene eens ceeees 18.20 
Sulphur... .--. sees eeeee cere cece cece eee eeeereeeeeee 0.40 
O99 Be 22.60 

100.00 
DS rere Oe ee rr Ce Cr Tr ere Ce 0.15 


For convenience of comparison the analyses of legumin from 
the vetch are brought together in the following tables : 


SUMMARY OF ANALYSES OF VETCH LEGUMIN. 


+s, 16. 18. 19. 24. 25. 
CBtHGt ae:<i5:00 52.45 51.98 52.21 52.18 52.05 51.78 
Hydrogen. -. 6.98 6.92 6.82 6.82 6.99 6.89 
Nitrogen -.-- 18.04 17.98 17.99 17.99 18.02 18.06 
Sulphur ..... 0.50 0.45 0.37 0.36 0.56 0.48 
Oxygen...... 22.03 22.67 22.61 22.65 22.38 22.79 





100 00 100.00 100.00 100.00 100.00 100.00 
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26. 27. 28. 29. 30. ss. 
Carbon ...... 52.17 52.04 52.11 51.89 52.06 52.12 
Hydrogen .-. 6.92 7.06 6.82 6.88 6.80 6.68 
Nitrogen ..-. 17.70 18.02 18.17 18.09 17.98 18.20 
Sulphur. -) || e 0.53 0.40 0.53 0.40 
Oxygen.... J ~ net 22.37 22.74 22.63 22.60 


100.00 100.00 100.00 100.00 100.00 100.00 


It will be seen from the following statement that the composi- 
tion of legumin from the pea is identical with that from the 





vetch. 
LEGUMIN. 

Pea. Vetch. 

Average of 18 Average of 13 

analyses on 10 analyses on 12 

preparations. preparations. 
ee On ee RP RO eee eee ee 52.20 52.09 
Hydrogen ----+-eeeeeeeeeeee eens 7.03 6.88 
Nitrogen.....-.+ esse cece sees cone 17.93 18.02 
Sulphur ..-...-.--seeeee eee eee 0.39 0.46 
OXYQED- eee ee cece ee cece cece eens 22.45 22.55 
100.00 100.00 


What we have already stated concerning the properties and 
reactions of pea legumin applies strictly to that from the vetch 
except in two particulars. The solutions of pea legumin in ten 
per cent. brine when heated nearly to boiling become turbid 
and, after a time, a considerable coagulum separates in the form 
of a semi-solid clot. Similar solutions of the vetch legumin, on 
the other hand, remain perfectly clear, even after prolonged 
boiling. 

Many carefully conducted experiments made with the legu- 
min from each of these seeds, wherein the same quantity of 
globulin was dissolved in the same amount of salt solution of 
the same strength, were carried out side by side, but always 
with the same results, the pea legumin coagulating to a greater 
or less extent while the vetch legumin remained wholly unaf- 
fected. 

That this difference is due to some foreign substance is indi- 
cated by the following experiment: A quantity of ten per cent. 
sodium chloride extract of pea meal was filtered clear and 
divided into two parts, one of which was dialyzed directly, the 
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other was saturated with sodium chloride and filtered clear. 
The latter solution was less viscid and much more easily fil- 
tered, presumably due to the removal of gum. This solution, 
saturated with salt, was then dialyzed. 

The globulin precipitated by dialysis from each of the above 
named solutions, was dissolved in brine to new solutions con- 
taining ten per cent. of globulin and eight per cent. of sodium 
chloride. When these two solutions were heated, side by side, 
in the same water-bath and for the some length of time, a most 
marked difference was observed in the quantities of coagulum 
that appeared. Each solution contained a small quantity of the 
proteid coagulating at about 80°, so that after being heated to 
85° for some time, they were filtered clear and again heated. 

Each solution then became turbid at 93° and, after heating 
the bath to boiling for a little time, the solution of the globulin 
from the salt saturated extract became curdy, from the separa- 
tion of a moderate quantity of coagulum, while that from the 
unsaturated extract set to a firm opague jelly, so that the tube 
could be inverted without displacement of its contents. 

The second difference noted was very slight, but appeared to 
be constant. By precipitating the legumin from the pea by 
dialysis, the proteid was obtained in the form of spheroids 
which showed little tendency to adhere in masses, while that 
from the vetch was always obtained in more or less coherent 
lumps which, however, were not at all fluid and gummy, but 
were easily broken up on stirring. In our opinion, the legu- 
min from these two seeds is one and the same substance, or 
must, at least for the present, be so regarded. 

SUMMARY. 

1. So far as we have investigated, peas and vetches contain 
the same proteids, which are nearly if not entirely soluble in ten 
per cent. sodium chloride: solution. 

2. The greater part of these proteids consists of a globulin, 
the Legumin of Braconnot, which is readily precipitated by 
dialyzing its salt solutions. 

The prevalent idea that legumin is soluble only in acids and 
alkalies is erroneous, it having been proved, notably by Ritt- 
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hausen, to be a true globulin. The composition of legumin, as 
shown by the average of our accordant analyses of thirty-one 
preparations obtained from the seeds of peas and vetches, is the 
following : 


LEGUMIN. 
SRS OIA ass ow Gis Wielae sea ais a isald seo Se eee emer mebene 52.15 
Hydrogen Jase ass a ON ei 4E Risk Csbia oleae winie- ahepeen esis 6.96 
Nitrogen -----.ccee cece cece cece ee ceccee cece cnee ceeces 17.98 
SmI Phur «<6 00:00 cscs vcceicives vie vie sieisie oe vince esicsicers 0.43 
Oxygen CONN der HEROES HESS ADS WERE SHES CEES ES TORS WEES 22.48 


Legumin is abundantly soluble in solutions containing above 
five per cent. of sodium chloride ; in those containing less salt it 
is not so soluble, the amount held in solution decreasing as the 
salt content diminishes, so that it is but sparingly soluble in 
solutions containing less than one per cent. of salt. By dilu- 
tion with water, strong saline solutions of legumin are abun- 
dantly precipitated. 

By saturation with sodium chloride or magnesium sulphate, 
its sodium chloride solutions are not precipitated; by satura- 
tion with sodium sulphate at 25° they are not precipitated, but 
at higher temperatures more or less is thrown down, and by 
saturation with sodium sulphate at 34°, precipitation is very 
nearly complete. With nitric acid, Millon’s and Adamkiewic’s 
reagents it gives the usual proteid reactions. 

With strong solutions of legumin the biuret test gives a vio- 
let color at first, which on standing becomes crimson red, simi- 
lar to the color produced by peptones. 

The legumin obtained by us from the vetch is not coagulated 
by heat nor even rendered turbid by prolonged boiling of strong 
solutions. 

The legumin prepared by us from the pea is partly coagulated 
by heating strong solutions in a boiling water-bath, and sets to 
a firm jelly after thus heating for some time. These differences 
in their behavior on heating, and a greater tendency of the 
vetch legumin to cohere in semi-solid lumps when precipitated 
by dialysis, are the only points, of dissimilarity which a rigid 
comparison of preparations from the two seeds has revealed. 
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These differences, in our opinion, are due to the substances 
with which the proteid is associated in the two seeds, for satura- 
tion of the pea extracts with sodium chloride, before precipita- 
ting the legumin by dialysis, greatly diminished the amount of 
coagulum given by the pea legumin. 

3. Besides the legumin, the pea and vetch contain another 
proteid in small amount, either an albumin or a globulin, solu- 
ble in extremely dilute salt solutions, and coagulated by heating 
its solutions to 80°. This substance we have not studied further 
than to make two preparations for analysis from the pea and one 
from the vetch. These were obtained in an insoluble form by 
coagulating with alcohol, so that the properties and reactions 
were not determined. The composition of this proteid is shown 
by the following average of three closely agreeing analyses : 


PROTEID OF PEA AND VETCH. 


CAP ie 6.6 ie 50:0:0, Kiar c-ci sie wewe bie eel nulels aaw ee eae abe ee aauae 53 48 
Hydrogen (sadeeeiw ek cen eedteves eneeeeees eee 6 89 
NitrOgen -- ++ eee cece cece cece eee cee cece ceee ewes eens 16 43 
Sulphur. ..... 2-0 sce ceccseccecee cece cecece seen cecee 1.01 
OXYQZEM oe cere cece ee cece eee e eee cere cee cece ee scenes 22.19 

100.00 


4. In addition to the foregoing proteids a very little proteose 
was found in the extracts of both these seeds. 

5. No attempt has yet been made to determine the total quan- 
tity of proteids in these seeds, nor to study minutely the proteids 
that occur in them in small proportion. 





CONGLUTIN AND VITELLIN.' 


By THOMAS B. OSBORNE AND GEORGE F. CAMPBELL. 
Received May 21, 1896. 


EVIEW of the literature relating to the plant proteids hith- 
R erto described as conglutin and vitellin, shows that the sub- 
ject is in great confusion, which can only be cleared up by a 
thorough examination of the seeds from which these proteids are 
said to have been obtained. This is the more important, be- 
cause of late years various investigations have been made in 


1From the Report of the Connecticut Agricultural Experiment Station for 1895. 
Communicated by the authors. 
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which these proteids have figured as the subject of study, while 
the fact, that the purity or even the identity of the proteid em- 
ployed is very doubtful, has been entirely overlooked or ignored. 
Thus the results of observations on the globulin of lupins have 
been applied to the globulin of the squash, hemp and other seeds, 
it being apparently unknown that these two proteids are very 
distinct substances. Further, the composition and reactions of 
most of these bodies have never been adequately studied, nor the 
means of preparing them in a state of purity ascertained. Re- 
cent authors are mostly content to call these proteids vegetable 
vitellin and to assume, with little reason, that the proteid from 
the many seeds in which vitellin has been said to occur is one 
and the same substance. With the object of determining, so far 
as may be practicable, the true relations of the globulins found 
in the various seeds hitherto alleged to contain conglutin and 
vitellin, this investigation was undertaken. 


ALMOMDS. 


The proteid first discovered, which has since been known as 
conglutin, was found in the seed of the almond by Proust,’ and 
by him named amandin. 

Dumas and Cahours’ described and analyzed preparations ob- 
tained from almonds, peach and plum seeds, and considered 
them to be legumin, identical with that of a large numberof other 
seeds. 

According to Rochleder’ the proteid described by Dumas and 
Cahours is different from legumin as understood by Liebig and 
others. Norton‘ analyzed proteid preparations which he ob- 
tained from the almond and considered them to be legumin. 
Ritthausen’ described the proteid of the almond under the name 
conglutin. He later® obtained from the peach kernel a proteid 
which he considered to be conglutin, identical with that of 
almonds and lupins. 

The details of our investigation are as follows: A quantity of 


1], de phys., de chim., d’histoire naturelle et des arts, 54, 199. 
2]. prakt. Chem, 28, 398. 

8 Ann. der Chem. u. Pharm., 46, 155. 

4Am. J. Sct., [2], §, 22. 

5 Eiweissk6rper, Bonn, 1872. 

6]. prakt. Chem., 26, 422, 1882. 
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sweet almond meats deprived of the brown skin (tegmen) were 
crushed and treated with ether to remove oil. Seventy-five grams 
of the oil-free meal was then extracted with ten per cent. sodium 
chloride solution, the extract was filtered clear and dialyzed until 
free from chlorides. The globulin separated at first in minute 
spheroids, which, on settling to the bottom of the dialy- 
zer, united, forming a viscid semi-fluid translucent mass of a 
pale straw color. After decanting the solution, the globulin, 
which had separated, was again dissolved in ten percent. sodium 
chloride brine and reprecipitated by dialysis. The proteid, ob- 
tained in the same condition as before, was washed with water, 
and with alcohol, dilute at first and afterwards gradually in- 
creased in strength, and finally was dehydrated with absolute 
alcohol and dried over sulphuric acid. This preparation, 1, 
weighed 6.72 grams, was a snow white, dense powder, and, after 
drying at 110°, gave the following results on analysis : 


AMANDIN, I. 


Average. 
Carbon... .s..ccccess 51.49 51.32 cece 51.41 
Hydrogen........... rear 6.86 Porte 6.86 
Nitrogen ..........-. 19.29 19.52 19.€2 19.47 
Sulphur............. 0.39 a . 0.39 
Oxygen CREO eieelermeere wares eee coer 21.87 

100.00 
ASH. occecccccccvcecs 0.24 


Another preparation of this globulin was made by crushing a 
quantity of fresh, shelled, ‘‘Jordan almonds,’’ and extracting the 
oil with petroleum naphtha. After freeing from naphtha, the 
greater part of the skins was separated by sifting. 100grams of 
the meal was then extracted with one liter of water and the so- 
lution filtered and saturated with ammonium sulphate. The 
precipitate produced was filtered out, dissolved in water, the 
resulting solution filtered perfectly clear and dialyzed until free 
from chlorides. The proteid, which on dialysis deposited with 
the same appearance and characters as the first preparation, was 
washed with water, dilute alcohol, stronger alcohol and then 
dehydrated with absolute alcohol and dried over sulphuric acid. 


1 Omitted in average. 
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Sixteen grams were obtained, equal to sixteen per cent. of the 
meal. This preparation, owing to the seed-integument, which 
had been but partly removed, was somewhat red in color. After 
drying at 110°, analysis gave the following results : 


AMANDIN, 2. 


Average. 
ee RE ee eae ee ee ee 51.49 area 51.49 
Hydrogen .....ssessecsesscees 6.85 re 6.85 
Nitrogen PO eT ee eT 19-27 19.05 19.16 
Sulphur ........ decent aigiatatseyaiare lets 0.44 tet 0.44 
OXYQeN +e eee cece cece ee eee ee ee ose. cece 22.06 

100.00 


FAMED oc loik we wie eeu isl wale bie 's 4 5 O Neen lees 0.80 


For a third preparation Jordan almonds were drenched with 
hot water fora moment to loosen the skins, which were then 
easily detached ; the meats were squeezed in a drug press to sep- 
arate the greater part of the oil. The remainder of the oil, after 
dehydrating the pressed meats with absolute alcohol, was 
extracted with naphtha. The residue was freed from naphtha by 
evaporation and ground toa fine powder. There was thus 
obtained from 900 grams of almonds 380 grams of oil-free meal. 
This was thoroughly extracted with ten percent. sodium chloride 
brine and the extract filtered. A turbid liquid resulted which 
was saturated with ammonium sulphate. The proteid thus pre- 
cipitated was dissolved in ten per cent. sodium chloride brine and 
the solution after filtering perfectly clear was dialyzed until nearly 
free fromchlorides. The solution wasthen decanted from the semi- 
fluid, viscid precipitate which had formed, and this was washed 
with water and alcohol, dehydrated with absolute alcohol and 
dried over sulphuric acid. The proteid thus obtained weighed 
sixty-six grams. The filtrate from this preparation was saturated 
with ammonium sulphate, the precipitate was filtered out, dis- 
solved in a little water and the filtered solution was dialyzed. 
This second dialysis yielded twenty-seven grams more of globulin 
which were added to that before obtained, making in all ninety- 
three grams, being twenty-four and one-half per cent. of the oil- 
free meal. Analysis of this preparation, 3, dried at 110°, gave 
results as follows : 











i$ 
b 











CONGLUTIN AND VITELLIN. 613 


AMANDIN, 3. 


Average. 
CaP ir wig aeecensQuaecinles 51.18 wale 51.18 
Hydrogen ince chm eee eaes 6.99 ree 6.99 
Nitrogen sana anape eves oahu ce Wiestea 19.30 19.37 19.33 
Sulphur ...... 2... 220s se00¢ 0.48 wits 0.48 
Oxygen EE ee eR ree Price 22.02 

100.00 
BOs cucccionce was ewielavenecte 0.35 


A portion of 3 was dissolved in sodium chloride solution and 
dialyzed into dilute alcohol in the hope of obtaining the globulin 
in the form of crystals. No distinct crystals resulted, and after 
remaining about two weeks in alcohol the precipitated proteid 
was readily redissolved in salt solution, not having been coagu- 
lated by the alcohol, and the clear solution was dialyzed in water 
until free from chlorides. After washing and drying in the usual 
manner this preparation, 4, was analyzed: 


AMANDIN, 4. 


z. II. Average. 

CASO chs: a: Sedwweoeenenee 51.39 51.32 51.36 
Hydrogen -----seeee cece eee 6.99 6.90 6.95 
Nitrogen +--+ eee cere cece ee 19.32 19.36 19.34 
Sulphur ee 0.45 sees 0.45 
Oxygen Scat ave\ aimee acorns e-alehere tle noes eoce 21.90 

100.00 
RIN a aang grain bra. braie gah Le oem 0.20 


PEACH KERNEL. 

Ritthausen states that peach seeds contain the same proteid as 
the almond, a fact in harmony with the close botanical relations 
of the two plants. 

We obtained this proteid from peach pits in the following man- 
ner: The seeds were freed from the skin (tegmen) by cutting it 
away with a knife and were then ground with ether to a powder 
and freed from oil. Only a small quantity of seeds, yielding but 
twenty grams of oil-free meal, were at the time available. This 
was extracted with ten per cent. sodium chloride solution and the 
clear filtered extract dialyzed. The globulin separated in sphe- 
roids, which settled to a translucent viscid semi-fluid mass like 
that from the almonds. The solution, when freed from chlorides 
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by dialysis, was decanted from the precipitate and the latter was 
washed with water, alcohol and absolute alcohol and dried over 
sulphuric acid; 2.44 grams or 12.2 per cent. of the meal were so 
obtained. Analysis of this preparation gave the following results : 


AMANDIN, FROM THE PEACH, 5. 


Average. 
RIN ED ow vo use 0 sit sibs ee ack retce 51.06 51.02 51.04 
Hydrogen ee are tata eta teniecteraechars 6.86 6.79 6.83 
Nitrogen ---.-2.<s.0.ecse0. 19.20 19.35 19.28 
Sulphur ee eT eee 0.48 ioe 0.48 
OXYygen..---- seer cere cece eee eves 22.37 

100.00 
PNR os wee sewn re es Srewiiea he 0.62 


Owning to the small quantity of 5, it was not possible to com- 
pare its reactions throughout with those of amandin from the 
almond, but, so far as could be observed, the two were identical 
in all respects, and there can be no doubt that they are the same 
substance. 

In the following table the foregoing results may be compared 
with those obtained by earlier investigators, in their work upon 
the proteid of the almond, peach and plum: 





AMANDIN. 
Dumas and Cahours. Léwenburg. Norton. 
Almonds, Plums. Almonds. Almonds. 
Carbon....-. 50.89 50.93 51.10 50.50 50.97 49.16 
Hydrogen... 6.71 6.73 7.20 6.56 6.64 6.51 
Nitrogen ---. 18.93 18.64 veee 17.33 17.15 17.43 
Sulphur ...-. see tees 0.32 0.27 0.41 
Phosphorus--. .--- sees sees 1.05 0.57 2.21 
Oxygen....-. 23-47 23.70 sees 24.24 24.40 24.27 
100.00 100.00 100.00 100.00 100.00 
Ritthausen. 
Almonds Peach. 
fe OE CE eee oe ae 50.44 50.82 
Hydrogen.....-..-.++-+0- 6.85 6.94 
Nitrogen ER EER CT EAE SOE 18.61 18.60 
Sulphur ..........-. 2-006 0.43 0.32 
Oxygen «+--+ eeeeee cece eeees 23.67 23.32 


100.00 





ees 
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AMANDIN. 
Osborne and Campbell, 
Almonds. Peach. 
I 2 3 4 — Average. 

Carbon ..-.-- 51.41 51.49 51.18 51.36 51.04 51.30 
Hydrogen --- 6.86 . 6.85 6.99 6.95 6.83 6.90 
Nitrogen ---- 19.47 19.16 19.33 19.34 19.28 19.32 
Sulphur...-. 0.39 0.44 0.48 0.45 0.44 0.44 
Oxygen:::::: 21.87 22.06 22.02 21.90 22.37 22.04 





100.00 100.00 100.00 100.00 100.00 100.00 


Amandin, that has been dried over sulphuric acid, when mixed 
with cold water dissolves to a very slight extent and forms a 
gummy plastic mass. In water heated to about 98° amandin 
melts to a transparent mass and a considerable portion goes into 
solution, which in part separates out on cooling, and is redis- 
solvedon heating again. Boiling the solution causes but a slight 
turbidity. 

The precipitate formed by cooling the hot water solution of 
amandin, dissolves completely on addition of a little nitric acid, 
but if more nitric acid be added, a precipitate falls which dis- 
solves on warming and reappears on cooling in exactly the man- 
ner of a proteose. 

In ten per cent. sodium chloride solution this proteid dissolves 
readily to a slightly opalescent liquid, no insoluble ‘‘albuminate’’ 
being formed by drying, as is the case with most vegetable glob- 
ulins. 

A solution containing ten per cent. of amandin dissolved in ten 
per cent. sodium chloride brine gives an abundant precipitate 
when poured into much distilled water, but if only asmall amount 
of proteid is dissolved in the brine no precipitate is produced by 
dilution. 

Salt solution of amandin is not precipitated by saturating with 
sodium chloride. By saturating with magnesium sulphate it is 
partly thrown down. Saturation with sodium sulphate or ammo- 
nium sulphate completely precipitates it. 

Nitric acid added to the sodium chloride solution forms a pre- 
cipitate soluble in an excess of acid which, on heating, gives the 
usual xanthoprotein reaction. 
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With mercuric chloride solution no precipitate is formed. 

With picric acid and also with tannic acid heavy precipitates 
are produced. 

Amandin is readily soluble in very dilute acetic acid. The 
acetic solution yields an abundant precipitate with potassium 
ferrocyanide that is difficulty soluble in an excess of this salt to 
a solution precipitable by diluting with water. In concentrated 
glycerol the dry proteid dissolves quite readily, the clear solu- 
tion yielding a considerable precipitate on adding absolute alcohol. 

Concentrated hydrochloric acid dissolves it, with development 
of a violet-blue color on standing. By heating in quite dilute 
sulphuric acid a solution is obtained which becomes turbid on 
cooling, the proteid being far less soluble in sulphuric than in 
hydrochloric or acetic acids. With the biuret test and also with 
glacial acetic acid and concentrated sulphuric acid together, solu- 
tions of this globulin give a fine violet color. 

After solution in very dilute potash water and precipitation by 
neutralizing with aceticacid, amandin retainsits original solubil- 
ity in salt solutions. 

A ten per cent. sodium chloride solution, containing five per 
cent. of amandin, becomes turbid when heated to 75°, and at 80° 
flocks form in small quantity which slowly increase on gradually 
raising the temperature, but only a small part of the proteid is 
coagulated even by boiling. 

Having thus, as we believe, established this proteid as a chemi- 
cal species quite distinct from all others hitherto investigated, it 
is proper to restore the designation 4mandin given it by Proust, 
its discoverer, and to discard for it the names vitellin and conglu- 
tin, which are associated with many erroneous statements as to 
its occurrence, composition and characters. 


WALNUT, (/uglans regia). 

Ritthausen’ prepared the proteid from this seed, but owing to 
the large amount of tannin present in the skins, he found much 
difficulty in obtaining satisfactory results. 

As Ritthausen’s preparations differed widely in composition, 

1/J. prakt. Chem., 24, 257. 
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and as he has published nothing respecting the properties of this 
proteid, we have made several preparations with the following 
results. 

A quantity of walnut meats was crushed, freed from oil by ex- 
tracting with petroleum naphtha, and the greater part of the skins 
removed by sifting. One hundred grams of this meal was then 
extracted with ten per cent. sodium chloride brine and, after fil- 
tering, eight-tenths of the salt solution applied was recovered as a 
clear extract corresponding to about eighty gramsof meal. This 
was saturated withammonium sulphate and the resulting precipi- 
tate filtered out and treated with salt solution. Much that failed 
to dissolve was separated by filtration and the clear solution was 
dialyzed until free from chlorides. During dialysis the proteid 
was deposited in spheriods which did not, like amandin, unite to a 
confluent mass. The precipitated globulin was then filtered out, 
washed with water, alcohol and absolute alcohol and dried over 
sulphuric acid. Only 2.87 grams was obtained, equal to about 
3.6 per cent. of the meal. This small yield was undoubtedly due 
to tannin, which rendered the greater part of the proteid insoluble 
in salt solution. 

Dried at 110° this preparation, 6, had the following composi- 


tion: 
WALNUT GLOBULIN, CORYLIN, 6. 
Average 
aoe c/a cire celsius ase cninere-o 50.32 50.32 50.32 
Hydrogen tale cal ene a te aiera'e6 Baca ace 6.63 6.74 6.69 
Nitrogen---- see eeeeee sees 19.06 19.12 19.09 
OO eee Pare nears eta maker 
P i 23.90 
Oxygen .-----eeeeee ee eeeee Pree a 
100.90 


The part of the ammonium sulphate precipitate which was not 
taken up by salt solution at 20° was treated with brine at 60°. 
In this it dissolved almost completely and did not precipitate on 
cooling. The clear filtered solution was dialyzed free from chlo- 
rides, and by the usual process, 2.82 grams or 3.5 per cent. of 
globulin was obtained, having the following composition : 
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WALNUT GLOBULIN, CORYLIN, 7. 


DEIN 8 ers:5's ote a5: ore ws oes eae 9 wie Kes wea SIS ee ore 50.83 
Hyd TOQEM +e ee cece cece ee rece cece cece eens 6. 79 
Nitrogen ra harGce aieioerawe eel Oilwis onde wie Bie eine toalS 19.05 19.04 
Sulphur .---.eceeeeeee cece cece cece cece ee 0.89 
OXYZEN oe eee eee cece ee reece eee tent eens 22.44 
100.00 
Rio wis ow olan teeaela cameron sierane a sua mieeaia ce 0.15 


In order to avoid the presence of tannin, another lot of walnut 
seeds were drenched for a moment with hot water, whereupon 
the skins were easily stripped off. The crushed meats were then 
treated with ether to extract the oil and, after removal of ether 
by exposuretotheair, the coarse meal wasfinely ground and fifty 
grams was extracted with 1500cc. of ten per cent. brine of com- 
mon salt. The extract was filtered clear, saturated with ammon- 
ium sulphate, the resulting precipitate dissolved in salt solution 
at 40° and the extract dialyzed free from chlorides. The pre- 
cipitated globulin was then filtered out and treated in the usual 
manner, giving preparation 8, weighing ten grams, equal to 
twenty per cent. of the meal, and having the following composi- 
tion : 


WALNUT GLOBULIN, CORYLIN, 8. 


Average. 
ASR vas sos wicg se 5's ote owes ota 50.77 50.74 50.76 
Hydrogen «+... .sceseseese 6.94 6.83 6.89 
Nitrogen ---- +... sees eee 19.10 19.02 19.06 
Sulphur .--.......+6- seat Koie acai sees 
OXYZeN---- cece ee ce eeeeeveee \ 23.29 

100.00 
auch ahd ckeeee eee 0.32 


HAZEL-NUT OR FILBERT, (Corylus tubulosa). 
Ritthausen’ has detailed the resuits of his examination of the 
proteid of this seed and concluded it to be identical with the 
conglutin which he obtained from almonds. 
In order to satisfy ourselves respecting this substance a quan- 
tity of hazel-nut meats was freed from skins and oil as already 
described in case of walnuts, and finely pulverized. The meal 


lJ. prakt. Chem., 24, 257. 











Sa 


<UL ADEE 1 RITE 





CONGLUTIN AND VITELLIN. 619 


was then extracted with ten per cent. sodium chloride brine and 
the filtered extract saturated with ammonium sulphate. The 
precipitated proteid was filtered out, dissolved in salt solution, 
and the liquid, after filtering clear, was dialyzed free from 
chlorides. 

During dialysis the globulin separated in spheroids which, like 
those of walnut globulin, settled down, without adhering together 
to a plastic mass, afterthemanner ofamandin. The precipitated 
globulin was filtered out and treated in the usual way. When 
dried at 110° this preparation had the following composition : 


CORYLIN, FILBERT GLOBULIN, 9. 


Average. 
CarBOW: sce sc cesssec cece cca 50.64 50.80 50.72 
Hydrogen -.---. +++ esse eee lost 6.86 6.86 
Nitrogen sisal th sat esa el sah AC aa 19.14 19.19 19.17 
Sulphur ..-- +--+ -eeeee eens 0.83 mean 0.83 
Oxygen i eioncrauar kava ato a<aceoweers jane aaieta 22.42 

100.00 


In properties this preparation exactly resembled the globulin 
obtained from the walnut. That the two are identical in compo- 
sition is shown by the following statement : 








CORYLIN. 
Walnuts —-———, Filberts. 
6 7 8 9 
Carbon... ++++++eee- 50.32 50.83 50.76 50.72 
Hydrogen....-...--- 6.69 6.79 6.89 6.86 
Nitrogen..---+--+++-- 19.09 19.05 19.06 19.17 
Sulphur % cece ccccce 23.90 0.89 i 23.29 0.83 
Oxygen J 22.44) 22.42 
100.00 100.00 100.00 100.00 


The properties of this proteid, after drying over sulphuric acid, 
as exhibited by preparations 8 and 9, are as follows. In the dry 
state it forms a heavy snow-white powder which, unlikeamandin, 
is entirely insoluble in distilled water at 20° or at 40°. In ten 
per cent. sodium chloride solution it dissolves readily and com- 
pletely, as alsoinexceedingly dilute acidsand alkalies. Sulphuric 
acid, however, dissolves it much less readily than acetic, hydro- 
chloric or nitric acid. 
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The solution in ten per cent. sodium chloride brine, containing 
ten per cent. ofthis globulin, givesan abundant precipitate when 
diluted with an equal volume of water. More dilute solutions 
give precipitates on sufficient dilution. Corylin is very much 
more readily precipitated by dilution than amandin. Hydro- 
chloric acid and acetic acid each gives a precipitate insoluble in 
considerable excess of acid, when added to saline solutions of the 
proteid. With mercuric chloride, picric acid, or tannic acid 
dissolved in ten per cent. sodium chloride brine, heavy precipi- 
tates are produced. Saturation with sodium chloride gives a 
slight precipitate. Saturation with magnesium sulphate produces 
a considerable though partial precipitation. Saturation with 
sodium sulphate or ammonium sulphate effects a complete pre- 
cipitation. 

Dissolved in a little acetic acid, a precipitate is produced by 
sufficient nitric acid, which dissolves on heating and partly repre- 
cipitates on cooling, The solution in acetic acid gives a precipi- 
tate with potassium ferrocyanide, but slightly soluble in a large 
excess of the latter. 

With the biuret test the usual violet color is obtained. With 
Millon’s and the xanthoprotein tests the ordinary proteid reac- 
tions appear. Dissolved in concentrated hydrochloric acid and 
boiled, a violet blue color develops on standing. 

With glacial acetic acid and concentrated sulphuric acid, solu- 
tions of corylin give a violet color. When five per cent. of 
this proteid is dissolved in ten per cent. sodium chloride brine 
and the solution heated, turbidity ensues at about 80° and flocks 
form in small amount at 99°. On boiling the solution, a little 
more coagulates, but the corylin is precipitated by heat very 
slowly and incompletely. 

When dissolved in dilute potash water and precipitated by 
neutralization, the proteid dissolves completely in ten per cent. 
salt solution. These reactions and the results of analysis show 
this body to be entirely distinct from either amandin or edestin. 
We therefore propose the name Cory/in, from the generic name of 
the filbert, Corylus tubulosa, in which this proteid was first found 
by Dumas and Cahours.’ 

1/. prakt. Chem., 28, 398. 
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BRAZIL-NUT, (Bertholletia excelsa). 

Weyl' described the globulin of the Brazil-nut under the name 
of vegetable vitellin, and first determined its composition with a 
close approach to accuracy. 

One of us has already investigated this substance as to its com- 
position and properties, when prepared both in the form of sphe- 
roids and as perfectly distinct crystals.” This proteid, being 
evidently different from all others hitherto examined, deserves a 
distinct name, and we accordingly propose to designate it Excelsin. 

OAT-KERNEL. 

From the oat-kernel one of us’ obtained a crystallized globulin 
very similar in composition to excelsin, but different in its reac- 
tions as well as in crystalline form. This globulin might be 
classed as a vitellin, and for that reason is here referred to. As 
yet this proteid has received no specific name and we now pro- 
pose to call it dvenalin. 

Hemp, (Cannabis sativa), SQUASH, (Cucurbita maxima), AND 
CASTOR BEAN, (Ricinus communts). 

Proteid preparations from the seeds of hemp, squash and castor 
bean have been described under the names of conglutin and vitel- 
lin. One of us* has shown that these seeds contain, as their 
chief and characteristic proteid, one and the same substance and 
has named it Adestin. This has been found in a larger number 
of seeds than any proteid yet discovered, and is the body most 
commonly called vegetable vitellin. It is readily obtained pure 
in octahedral crystals, from several seeds, and owing to this fact 
has been employed in physiological investigations. That it is 
a different substance from the proteids already described in this 
article appears to have been mostly overlooked. The properties 
and composition of edestin are detailed in the paper above men- 
tioned, and in the annual reports of Connecticut Experiment 
Station for 1893, pp. 179, 214, 216, and 1894, pp. 155, 170, 190. 

Cocoanut, (Cocos nucifera.) 
The proteid of the cocoanut was examined by Ritthausen*® 


1Ztschr. phys. Chem. 1, 85. 

2Osborne: Am. Chem. /., 14, 662. 

8 Osborne: Reports of Connecticut Experiment Station 1390 and 181, and Am. Chem, 
J.. 14, 212 and 682 

4 Osborne: Am. Chem. /., 14, 671-689. 

5 Pfliiger’s Archiv., 21. 96. 
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who, without identifying it with conglutin, assigned to it a simi- 
larcomposition. Chittenden’ under the general name phytovitel- 
lin, gives the composition of this proteid in close accord with 
that of edestin, and as he obtained it partly crystallized in 
octahedra it probably is edestin. 

LuPIn (Lupinus.) 

The principal proteid contained in lupin seeds is the body to 
which Ritthausen first gave the name conglutin.” We have 
devoted much labor to the study of this proteid, but the results 
of our work are not yet complete and will form the subject of a 
future paper. We find that it is distinctly different in composi- 
tion and properties from the proteids which we have hitherto 
noticed, and we take especial pleasure in confirming to it the 
name conglutin proposed by its veteran discoverer. 

We give on the following page the composition of conglutin 
as found by us in accordant analyses of six preparations from 


the blue lupin. 
SUNFLOWER (ffelianthus.) 


The proteid of the sunflower seed as described by Ritthausen*® 
appears to be identical with edestin, but our investigation ofthis 
substance, which Is still in progress, shows that the proteid pre- 
pared by the usual methods is contaminated with the heliantho- 
tannic acid described by Ludwig and Kromayer.* As yet we 
have been unable to obtain this proteid in the pure state. 

To the best of our knowledge the proteids noticed in this paper 
include all which have been hitherto designated either as conglu- 
tin or vitellin. Of late years many seeds have been described as 
containing vitellin, but its presence has been inferred from quali- 
tative reactions and not, except in those cases mentioned in this 
paper, from a study of the isolated proteid. 

We have accordingly at least six perfectly distinct proteids 
which have been confounded together under the name vitellin or 
conglutin. The following table shows the present state of our 
knowledge concerning the composition of these globulins and sets 


forth the characters in whlch they have been found to differ. 
1 Medical Record, 45, 450, and Digestive Proteolysis, New Haven, 1895, p. 32. 
2 KiweisskOrper, Bonn, 1872, and /. prakt. Chem., 25, 422. 
8 Pfliiger’s Archiv., 21, 81. 
4N. Br. Arch., 99. rand 285. 











PROTEIDS FORMERLY KNOWN AS VITEL LIN OR CONGLUTIN. 





























" Kde stin. ae) Am: andin.  Corylin, ‘KE xcelsin. “Avenalin. ‘-<é Conglutin. 
CaTbOHs 000050 cceses sees 51-65 51-30 50-72 | 52-18 52-18 51-00 
Hydrogen.......seeeees 6.89 6.90 6.86 | 6.92 7-05 6.90 
Nitrogen .... ee 18-75 19-32 19-17 | 18.30 17-90 17-99 
Sulphur ..........--0-- 0-85 0-44 0-83 1.06 0-53 | 0-40 
Oxygen ....-eeecesececs 21-86 22-04 22-42 21-54 22-34 23-71 
100-00 | 100-00, 100-00 | 100-00 ___100.00 ___ 100.00 
Salt solution saturated 
with: 
Sodium chloride. No pp. No pp. No pp. No pp. Complete pp. | No pp. 
Magnesium sulphate. Complete pp. Partial pp. Partial pp. Slight pp. Complete pp. No pp. 
Mercuric chloride. Pp. No pp. Pp. No pp. Pp. No pp. 
Solution of ten per cent 
proteid and ten per 
cent. sodium chloride 
diluted with equal vol- 
ume of water gives: Pp. No pp. Pp. | Slight pp. Pp. No pp. 
Heat coagulation . . | No coagulation Trace of coagu- 
Turbidity. 88 y fo a 80 7° even on boil- lation at 99°, 
Flocks. 95° 80” 99° | 84° ing. sets to jelly on 
cooling. 
Precipitate by dialysis: Octahedralcry-Spheroids, uni-Spheroids, pul- H e x ag onalSpheroids, pul-Spheroids uni- 
stals or sphe- ting to viscid verulent. plates orsphe- verulent. ting to plastic 
roids, pulveru- semi-fluid. roids, pulver- mass. 
lent. | ulent. | 
Found in seeds of: Hemp, Castor Almond, Peach. Walnut, Filbert Brazil-nut. Oat. Lupin. 


bean, Squash, 
Flax, Cotton, 
Wheat, Rye, 
Barley, Maize, 
Cocoanut. | | | 


| 
| 
| | 
| | 
| | 
| | 
| | 
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THE CHESUISTRY OF THE CACTACEAE.' 


By ERVIN E. EWELL. 
Received May 13, 1896. 


I. AN HISTORICAL RESUME AND PRELIMINARY NOTE. 
HERE is probably no more interesting family of plants than 
the Cactaceae. This interest is manifest among civilized 
and uncivilized peoples, old and young, scientific and unscien- 
tific. If there is one that does not feel this interest ; if there is 
one that is not inspired with awe at the mere contemplation of 
the weird forms assumed by the numerous species of this great 
order, which includes giants and the tiniest dwarfs; if there is 
one that is not moved by the mysterious beauty of an opening 
blossom of the ‘‘night-blooming cereus,’’ then let that one 
swallow one or more of the little buttons that we shall exhibit 
to you this evening and note whether or not he is susceptible to 
the more subtle and more powerful influence that he will find 
working from within. There is scarcely a housewife in the land 
that pretends to maintain a conservatory or a window garden 
without numbering one or more cacti in her collection. She 
would have no hesitation about pronouncing any member of the 
order a cactus, so marked are their characteristics ; yet, when it 
comes to a more minute study for purposes of classification, 
botanists who have spent years in studying them are still dis- 
puting about them and have filled the literature of the subject 
with a host of synonymous names. 

When we examine the chemical side of the subject, we find 
that our knowledge is still more imperfect. The fact that many 
of these plants are used for food and that their juices are drunk 
in place of water by the travellers in the arid regions where they 
grow in abundance, has caused them to be regarded as devoid 
of chemical constituents of greater importance than those that 
are to be expected in any of the innocent plants of humid 
regions. Various species have been used medicinally in the 
countries in which they grow. Cereus grandifiorus and a few 
allied species have attained a reputation in medical practice 


1 An abstract of this paper was read before the Washington Section of the American 
Chemical Society, April 9, 1896. 
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among peoples more advanced in the scale of civilization, and 
have consequently been made the subject of some chemical 
investigation. Their fresh juices produce irritation of the skin 
when locally applied, and preparations of them are administered 
internally as cardiac stimulants and for other purposes. The 
first article published in this country on the subject seems to 
have been one by A. F. Pattee, which appeared in the Aoston 
Medical and Surgical Journal in 1867. O.M. Meyers published 
an article in the Mew York Medical Journal in 1891, in which he 
called attention to the value as a heart tonic of a preparation of 
Cereus grandiflorus called ‘‘cactina.’’ This was claimed to be 
the active principle of the drug, but it was not stated whether it 
was alkaloidal, glucosidal, orof some other nature. Numerous 
papers quickly followed, containing reports of clinical experi- 
ments with this and other preparations of the drug. Some of 
these papers included brief reports of chemical investigations. 
Boinet and Boy-Tessier reported the finding of an alkaloid in 
this species.' G. Sharp® stated that he was unable to find 
either alkaloid or glucoside in the drug, and ascribed any active 
properties that it may have to the resin that it contains. He 
failed to obtain any marked effect from the drug itself, and 
took doses of forty and one hundred of the cactus pills, pre- 
pared from Cactus Mexicana, withoutresult. Thisis practically all 
that has been done in the way of chemical investigation of this 
class of plants in recent years, excepting the species that we are 
to consider and a few species closely related thereto. 

As far as I have been able to learn, three groups of persons 
have been especially active in the scientific study of the Cac- 
taceae during the last decade: First, a group of persons at Ber- 
lin, the center of which is Dr. L. Lewin, whose earlier work has 
been reported in this country in a pamphlet published by Parke, 
Davis & Co., of Detroit, and in the 7herapeutic Gazette for 1888 ; 
second, a group of persons at the Pharmacological Institute of 
the University of Leipsic, where the work has been conducted 
by Dr. Arthur Heffter ; third, a group of persons in this city, 
centering in the Bureau of American Ethnology, and including 


1 Bulletin général de Therapeutique, 1891, 121, 343-349. 
2 London Practitioner, 1894. 
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as associates the Division of Chemistry of the Department of 
Agriculture for chemical studies, Drs. Prentiss and Morgan for 
the study of physiological properties, and the Botanical Division 
of the Department of Agriculture for the settlement of botanical 
questions. These more recent investigations have been directed 
toward one or more species of cacti that are used by the Ameri- 
can Indians for ceremonial and medicinal purposes. This sub- 
stance, known as ‘‘mescal buttons’’ in the commerce of our 
southwestern border and in Mexico as peyote or pellote, has been 
of commercial and medicinal importance in Mexico for many 
years, being mentioned by Spanish writers as early as 1790. It 
was included in the Mexican Pharmacopoeia of 1842, but has 
been omitted from the later editions. The species furnishing 
the ‘‘mescal buttons’ is dnxhalontum Lewinid (Hennings), for 
which the synonymous names are Anhalonium Williamsii, var., 
Lewinti and Lophophora Williamsii, var., Lewinii. Thereseemsto 
be evidence that Anhalonium Williamsii also contributes to the 
supply of ‘‘ mescal buttons’’ and fellote. This latter species is 
likewise burdened with an abundance of names, being known 
among botanists by the names of Echinocactus Williamsii and 
Lophophora Williamst?, in addition to the one just used to des- 
ignate it. 

For a detailed account of the use of the dried ‘‘buttons’’ by 
the Indians, I quote, by permission, from a recent article on the 
subject by Mr. James Mooney of the Bureau of American 
Ethnology: ' 

‘‘About five years ago, while making investigations among 
the Kiowa Indians on behalf of the Bureau of Ethnology, the 
attention of the writer was directed to the ceremonial use of a 
plant for which were claimed wonderful medical and psychologic 
properties. So numerous and important are its medical applica- 
tions, and so exhilarating and glorious its effect, according to 
the statements of the natives, that it is regarded as the vegetable 
incarnation of a deity, and the ceremonial eating of the plant 


has become the great religious rite of all the tribes of the south- 
* * * * * * * * * 


ern plains. 
1 The Mescal Plant and Ceremony, by James Mooney. Therapeutic Gazette, Janu- 
ary, 1896. 
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‘‘As a matter of fact, there are several varieties, probably all 
of the same genus, used by the Indians in a ceremonial way. 
The explorer Lumholtz mentions three varieties among the 
Tarahumari of northern Mexico, (see his article in Scribner’s 
Magazine for October, 1894). A different sort, from the lower 
Rio Grande, is used by the Kiowas and associated tribes, and 
a smaller variety is found among the Mescalero Apaches of 
eastern New Mexico. In each language it has a different name, 
usually referring to the prickles. Among the Kiowas it was 
sent; among the Comanches, wokowz ; with the Mescaleros, ho ; 
and with the Tarahumaris, Azkorz. The traders of the Indian 
Territory commonly call it mescal, although it must not be con- 
founded with another mescal in Arizona, the Agave, from 
which the Apaches prepare an intoxicating drink. The local 
Mexican name upon the Rio Grande is feyote or fellote, from 
the old Aztec name feyod/. 

‘* The use of the plant for medical and religious purposes is 
probably as ancient as the Indian occupancy of the region over 
which it grows. There is evidence that the ceremonial rite was 
known to all the tribes from the Arkansas to the valley of 
Mexico, and from the Sierra Madre to the coast. The Mesca- 
lero Apaches take their name from it. Personal inquiry among 
the Navajos and Mokis proved that they had no knowledge 
of it. 

‘‘In proportion as the plant was held sacred by the Indians, 
so it was regarded by the early missionaries as the direct inven- 
tion of the devil, and the eating of the peyote was made acrime 
equal in enormity to the eating of human flesh. From the 
beginning it has been condemned without investigation, and 
even under the present system severe penalties have been 
threatened and inflicted against Indians using it or having it 
in their possession. Notwithstanding this, practically all the 
men of the Southern Plains tribes eat it habitually in the cere- 
mony, and find no difficulty in procuring all they can pay for. 
In spite of its universal use and the constant assertion of the 
Indians that the plant is a valuable medicine and the ceremony 
a beautiful religious rite, no agency physician, post surgeon, 
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missionary, or teacher—with a single exception—has ever tested 
the plant or witnessed the ceremony. 

‘‘A detailed account of mythology, history and sacred ritual 
in connection with the mescal would fill a volume. Such an 
account, to be published eventually by the Bureau of Ethnology, 
the writer is now preparing, as the result of several years of 
field study among the Southern Plains tribes. 

‘“The ceremony occupies from twelve to fourteen hours, 
beginning about nine or ten o’clock and lasting sometimes until 
nearly noon the next day. Saturday night is now the time 
usually selected, in deference to the white man’s idea of Sunday 
as a sacred day and a day of rest. The worshippers sit in a 
circle around the inside of the sacred tipi, with a fire blazing in 
the center. The exercises open with a prayer by the leader, 
who then hands each man four mescals, which he takes and eats 
in quick succession, first plucking out the small tufts of down 
from the center. In eating, the dry mescal is first chewed in 
the mouth, then rolled into a large pellet between the hands, 
and swallowed, the man rubbing his breast and the back of his 
neck at the same time to aid the descent. After the first round 
the leader takes the rattle; while his assistants take the drum, 
and together they sing the first song four times, with full voices, 
at the same time beating the drum and shaking the rattle with 
all the strength of their arms. The drum and rattle are then 
handed to the next couple,.and so the song goes on round and 
round the circle—with only a break for the baptismal ceremony 
at midnight, and another for the daylight ceremony—until per- 
haps nine o’clock the next morning. Then the instruments are 
passed out of the tipi, the sacred foods are eaten, and the cere- 
mony isatan end. At midnight a vessel of water is passed 
around, and each takes a drink and sprinkles a few drops upon 
his head. Upto this hour no one has moved from his position, 
sitting cross-legged upon the ground and with no support for 
his back, but now any one is at liberty to go out and walk about 
for a while and return again. Few, howover, do this, as it is 
considered a sign of weakness. The sacred food at the close 
of the ceremony consists of parched corn in sweetened water ; 
rice or other boiled grain ; boiled fruit, usually now prunes or 
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dried apples ; and dried meat pounded up with sugar. Every 
person takes a little of each, first taking a drink of water toclear 
his mouth. 

‘‘After midnight the leader passes the mescal around again, 

giving to each man as many as he may call for. On this second 
round I have frequently seen a man call for ten and eat them one 
after the other as rapidly as he could chew. They continue to 
eat at intervals until the close. There is much spitting, and 
probably but little of the juice is swallowed. Every one smokes 
hand-made cigarettes, the smoke being regarded as a sacred 
incense. At intervals some fervent devotee will break out into 
an earnest prayer, stretching his hands out toward the fire and 
the sacred mescal the while. For the rest of the time, when not 
singing the song and handling the drum or rattle with all his 
strength, he sits quietly with his blanket drawn about him and 
his eyes fixed upon the sacred mescal in the center, or perhaps 
with his eyes shut and apparently dozing. Hemust be instantly 
ready, however, when his turn comes at the song, or to make a 
prayer at the request of some one present, so that it is apparent 
that the senses are always on the alert and under control of the 
will. 
‘‘ There is no preliminary preparation, such as by fasting or 
the sweat-bath, and supper is eaten as usual before going in. 
The dinner, which is given an hour or two after the ceremony, 
is always as elaborate a feast as the host can provide. The rest 
of the day is spent in gossiping, smoking, and singing the new 
songs, until it is time to return home. They go to bed at the 
usual time, and are generally up at the usual time the next 
morning. No salt is used in the food until the day after the 
ceremony. 

‘‘As a rule, only men take part in the regular ceremony, but 
sick women and children are brought in, and, after prayers for 
their recovery, are ‘allowed to eat one or more mescals prepared 
for them by the priest.’’ 

It is to Mr. Mooney that we are indebted for the commence- 
ment of the scientific study of the drug in this country. On his 
return in the summer of 1894, from a prolonged residence among 
the tribes that use the drug, he brought with him a considerable 
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quantity of the dried ‘‘ buttons’’ for use in scientific investiga- 
tions. A portion of this material was turned over to Dr. H. W. 
Wiley, Chief of the Division of Chemistry of the Department of 
Agriculture, for a study of its chemical constituents. This task 
was assigned to the author by Dr. Wiley in September, 1894. 
The only literature of the subject at hand at that time was the 
article published by Dr. Lewin in 1888,' in which he announced 
the discovery and name, anhalonin, of an alkaloid in An- 
halonium Lewiniz, a name that had been given to the plant 
furnishing ‘‘mescal buttons’’ by Hennings, the botanist to 
whom Lewin intrusted the botanical identification of the crude 
material in which the alkaloid was found. Work had hardly 
been begun in the laboratory of the Department of Agriculture 
with the result of the separation of a considerable portion of 
Lewin’s anhalonin, when Dr. Heffter’ published an article in 
which he reported the results of a chemical study of four species 
of the genus Anhalonium: 4. fissuratum, A. prismaticum, A. 
Williamsit, A. Lewinii. This was quickly followed by a report 
by Lewin of the continuation of his experiments mentioned 
above.” 

For the aid of the American readers who may feel an interest 
in this subject, the writer has prepared the following table, in 
which the results of the investigations, hitherto reported, of the 
three more thoroughly studied species of anhalonium, are pre- 
sented in a convenient form for reference and comparison : 


1 Archiv fir experimentelle Pathologie und Pharmakologie, 1888, 24, 401; Therapeutic 
Gazette, 1888, p. 232, and in a pamphlet issued by Parke, Davis & Co., of Detroit, the 
same being a reprint from ‘‘ The Pharmacology of the Newer Materia Medica.”’ 

2 Archiv fir experimentelle Pathologie und Pharmakologte, 1894, 34, 65-86. 

3 Archiv fiir experimentelle Pathologie and Pharmakologte, 1894, 34, 374-391. 
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All of the bases mentioned in the above table are possessed of 
marked physiological properties, and produce death when 
administered to the lower animals in sufficient doses. The 
nature and extent of the physiological activity of these alkaloids 
as determined by the experiments of Lewin and Heffter, are 
shown in the following table : 
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The materials used by Lewin in his experiments reported in 
1894 were prepared in the laboratory of E. Merck & Co., of 
Darmstadt. In their report to Lewin, mention was made of the 
presence of still a third base in the drug, which forms a crystal- 
lizable hydrochlorate that is easily soluble in cold water. It 
seems quite possible that the substance described under the 
name of ‘‘ amorphous anhalonin hydrochlorate’’ was a mixture 
of alkaloidal hydrochlorates. 

Heffter also made a cursory examination of a small sample of 
Anhalonium prismaticum and found it to contain a small per- 
centage of alkaloidal constituents possessing high physiological 
activity. ; ; 

In the article published by Lewin, in 1894, and cited above, 
mention is made of a partial analysis of a sample of Axhalonium 
Jourdanianum made in 1889 with the result of the separation of 
an alkaloid that formed a crystalline hydrochlorate and resem- 
bled anhalonin in its characteristic color-reaction as well as the 
nature of its physiological action upon frogs. In the same ar- 
ticle report is also made of an examination of Axhalonium 
Williamsiz, several species of Mammillaria, and one species of 
Opuntia. The study of 4. Williamsi?, which was made in 1891, 
resulted in the separation of an alkaloid that caused an increase 
of reflex excitability, and marked tetanus when administered to 
frogs. The tendency of the tetanic condition to continue for 
several days was very pronounced. The milky juices yielded 
by Mamillaria polythele, M. centricirrha var. pachythele, M. pul- 
chra, Haw. and M. arietina, were found to possess no poisonous 
properties. MJammillaria uberiformis was found to be poison- 
ous. LRhipsalis conferta, a member of the Opuntia group, yielded 
a’ slimy juice that was difficultly soluble in water. When this 
was administered to frogs by hypodermic injection a paralysis 
of the voluntary muscles was produced, which was followed by 
heart failure. 

It is very apparent from the results of the investigations 
which I have thus briefly summarized, that the Cactaceae isa 
group of plants worthy the attention of the botanist, the chem- 
ist, the pharmacologist, the physician, and the toxicologist, as 
well as the attention of the entire mass of nature-loving human- 
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ity. It is to be hoped that American scientists will not leave the 
task of exploring this promising field entirely to workers beyond 
the sea, considering our proximity to much of the necessary 
niaterial. 

It is the purpose of the present article to bring the subject to 
the attention of American investigators and to briefly outline 
the work that has been done in the laboratory of the U.S. 
Department of Agriculture. ‘‘ Mescal buttons,’’ thedried, com- 
mercial form of Anhalonium Lewinitz, have served as the start- 
ing point for all our investigations. Fig. 1 shows the appear- 
ance of the ‘‘ buttons’’ when viewed upon the top, upon the 
edge, and upon the under side. ‘ 

Figs. 2, 3, 4, and 5, show the appearance of living specimens 
of Anhalonium Lewinit, A. Williamsit, A. fissuratum, and A. 
prismaticum, respectively, the illustrations being prepared from 
photographs made by the author from plants growing in the 
National Botanical Gardens. 

An alkaloid corresponding in its properties to Lewin's anha- 
lonin has been prepared in a considerable amount and in a high 
state of purity. Fig. 6 shows the appearance of the bottom of a 
crystallizing dish in which the hydrochlorate was crystallized 
from alcohol by spontaneous evaporation over sulphuric acid in 
a vacuum. 

A second and, very recently, a third alkaloid have been sepa- 
rated from the drug. All three of these alkaloidal preparations 
have been subjected to physiological tests by Drs. Prentiss and 
Morgan, and the results of their investigations will soon be pub- 
lished in the Medical Record. ‘They have recently published 
two articles upon the physiological action and therapeutic value 
of the crude drug in the 7herapeutic Gazette.' As for the third 
alkaloid separated, let it suffice to say for the present that it has 
been found to be much stronger than any alkaloid hitherto sepa- 
rated from any member of the genus Anhalonium, as 0.02—0.025 
gram, of its hydrochlorate per kilo or body weight is fatal to rab- 
bits, and 0.03 gram per kilo of body weight suffices to kill a full 
grown guinea-pig. The hydrochlorate of this alkaloid crystal- 
lizes in nodular groups of radiating needles. Fig. 7 was made 


1 Sept., 7895, and Jan., 7896. 
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from a photograph of crystals obtained by the spontaneous 
evaporation of a solution of the alkaloidal salt in ninety per cent. 
alcohol. 

An examination of the resinous constituents of the plant is in 
progress, as well asa study of those of its constituents that are 
of interest to the vegetable physiologist rather than to the 
therapeutist. 

A more extended report of this work is reserved for a future 
paper. Before closing this preliminary announcement, how- 
ever, I wish to express my indebtedness to Dr. Wiley for much 
greatly appreciated assistance in the work, and to Dr. Brown for 
the aid that he very kindly rendered me in the preparation of 
the photographs used for the illustration of the article. I also 
desire to express my appreciation of the patience with which 
both Dr. Wiley and the gentlemen of the Bureau of Ethnology 
have awaited the progress of this work, which has been 


largely limited to spare moments not required by other duties. 
WASHINGTON, D. C., May 11, 1896. 





THE SULPHURIC ACID PROCESS OF REFINING LIXIVI- 
ATION SULPHIDES. ' 


BY FREDERIC P. DEWEY. 
Received May 21, 1896. 


HE time is fast approaching when more chemistry must be 
used in the extraction of the precious metalsin the United 
States. The chief objections to chemical methods are the tech- 
nical skill required in the management, the higher grade of labor 
necessary and the time required to turn out product, thus lock- 
ing up large amounts of capital ; but these difficulties are becom- 
ing less applicable all the time. Then too, the wonderful suc- 
cess attained in this country in extracting the precious metals 
by smelting with lead has retarded the application of chemical 
methods. 
The chemical process of extracting silver by lixiviating, or 
leaching its ores with solution of hyposulphite of sodium, ‘was 
introduced by von Patera in 1858, and has been variously 


improved, notably by the substitution of the calcium salt for 
1 Read before the Washington Section of the American Chemical Society, March 12, 


1896. 
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the sodium salt. This process, however, had some serious dis- 
advantages, the two most important being the necessity for a 
high degree of chlorination and the recovery of the precious 
metals in the form of sulphides. 

In order to get a satisfactory extraction it was necessary to 
chlorinate thoroughly, and this was not always possible, especi- 
ally in the presence of lime. Mr. E. H. Russell discovered, 
however, that the addition of a copper salt to the hyposulphite 
of sodium solution, resulting in the formation of a cuproussodium 
hyposulphite, largely increased the solvent power ofthe solution 
for the ordinary silver minerals in ores, so that it was not neces- 
sary to roast with salt so carefully or so thoroughly; or, with 
equal care in roasting Russell’s ‘‘ Extra Solution,’’ as it is 
called, will take out more silver than a plain hyposulphite solu- 
tion. In other words, the use of the double hyposulphite increased 
the extraction of silver by the leaching process. 

The Russell process can be applied to some ores without 
roasting, but in general the ores are roasted with salt. They 
are then charged into large vats and leached with water to 
extract soluble salts; they are then treated with a succession of 
hyposulphite solutions of varying compositions and strengths, 
according to the character of the ore, and are finally washed 
with water to displace the hyposulphite solution. The tailings 
are then run to waste. The various solutions carrying the 
precious metals are gathered up in large vats and precipitated 
with sodium sulphide, This produces a precipitateof sulphides 
of gold, silver, copper and a little lead. Most of the lead of the 
solutions is generally precipitated by a previous treatment with 
sodium carbonate. 

The Russell process has also been applied with marked success 
to the tailings of other processes, such as amalgamation and the 
old process of lixiviation with plain hyposulphite. Under 
favorable circumstances, tailings can be lixiviated for $1.50 to 
$2.00 a ton. 

The actual extraction of the silver by the Russell process 
reaches a high percentage of the total silver present in the ore. 
In one instance a mill treating nearly 23,000 tons a year aver- 
aged nearly ninety-four per cent. for the whole year. With 
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tailings the extraction is not so high, being from fifty to seventy 
per cent. 

Having brought the extraction of the silver from the ore up 
to a satisfactory figure there remains the question of dealing 
with the sulphide precipitate. For a long time this was admit- 
tedly the weakest point in the leaching process. 

After going through all the operations of crushing, roasting, 
leaching and precipitating, the best we can say is that we have 
a rich concentrate, which requires further treatment to convert 
the precious metals contents into saleable forms. 

It is true that these concentrates are often very rich and may 
even carry a higher silver percentage than the bullion produced 
by many amalgamating mills, or even by amalgamating the same 
ores, but the silver, as well as the other metals, are chemically 
combined with sulphur, and they are also in bad physical con- 
dition, being dry powders which are very susceptible to loss in 
handling, while their sampling and assaying present unusual 
difficulties. 

The improvement in leaching, introduced by the Russell pro- 
cess and the success of this process has stimulated the develop- 
ment of processes for refining the sulphides. In the early days 
several processes of dealing with the sulphides were proposed 
and some of them tried more or less, but the business finally set- 
tled down to sending the sulphides to the smelters for treatment, 
although this was well known to be troublesome and expensive. 
In 1891 Mr. C. A. Stetefelt introduced at the Marsac Mill, Park 
City, Utah, an unpatented process which was built up out of 
the general fund of information available. The process con- 
sisted in matting the sulphides, grinding, roasting, grinding 
again and dissolving the copper out in dilute sulphuric acid, 
then melting the silver and crystallizing the bluestone. It did 
not yield fine bullion, but the bullion had to be refined as well 
as parted, besides there was some loss. This process was thor- 
oughly tried at the Marsac Refinery, and then a year’s run was 
made, the net results of which was that it did not prove suffi- 
ciently better than sending the sulphides to smelters. 

In 1893 the Dewey-Walter Refining Company undertook the 
refining of the Daly sulphides in the the Marsac Refinery by the 
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sulphuric acid process, upon which a United States patent has 
been issued tothe writer. Naturally difficulties were encoun- 
tered in starting a new process and much of 1893 was taken up* 
in getting the process into smooth working order, but in 1894 a 
run was started in which all the regular sulphides produced by 
the Marsac Mill in 1894 were refined and thus a complete set of 
statistics of the operation of the process was obtained. 

Broadly speaking the process consists of six main operations : 

First. Boiling the sulphides with strong sulphuric acid in an 
iron pot. 

Second. Dissolving out the sulphates of copper and silver in a 
lead lined tank, leaving a residue containing the gold and lead of 
the sulphides and also rich in silver. 

Third, Precipitating the silver out of the filtered solution by 
copper plates. 

Fourth. Sweetening, drying, pressing and melting the cement 
silver. 

Fifth. Treatment of the solutions after the removal of the sil- 
ver to crystallize the sulphate of copper and recover the excess 
of acid for reuse. 

Sixth. Treatment of the gold-bearing residues. 

The 1894 run of the Marsac Leacher produced 116,519} 
pounds of regular sulphides, which were treated by this process. 
For convenience they were divided into twenty-five lots, mostly 
from 4,500 to 5,500 pounds in weight. As reported by the 
assayer of the Daly Mining Company, these lots varied in com- 
position as follows : 


COMPOSITION, DALY SULPHIDES FOR 1894. 


Silver. Gold. Copper. Lead. 

Ounces Ounces Per Per 

per ton. per ton. cent. cent. 
Maximum.......-.-. TI, 427 14.8 32.9 0.2 
Minimum .........-. 7,835 76 20.3 0.6 
Average ..-.-+..00-- 9,827.4 FE225 27.57 0.33 

The totals were : 

RRM MRE Tg Sisco ro -s wees ad inti o silatigore isi ele ete wlere Sie 572,544.4 ounces. 
WIRD ssp oiw via @ aie aspic vies. DSS OSS OE Woe Oe pAlb aS 646.1 66 
(0) 9) 0) > nn 31, 585-3 pounds. 


PN ice Sais Ba oss Sleeves oe Mites eres 385.6 ne 
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THE PLANT. 

The plant required is simple and all of it is well known. It 
is easily managed and no especially skilled labor is required. It 
consists of two ordinary iron pots, such as are used in parting 
bullion ; a series of twenty-one lead-lined tanks for dissolving, 
filtering the solutions, precipitating the silver and filtering off 
and sweetening the cement silver, together with crystallizers to 
recover the bluestone, and evaporators to concentrate the mother 
liquors for reuse in the pot; a dryer and press for the cement 
silver; furnace for melting the bullion; four storage tanks for 
acid ; and pumps for handling the liquids. The large pot for 
boiling the sulphides is forty-six inches in diameter and three 
feet deep. It is hung by its rimon a cast iron plate and is 
enclosed in brick work over a fire-box. It stands fourteen 
feet from the floor and is provided with a suitable hood and 
stack to take off the fumes. The smaller pot is used for boiling 
the residues. The tanks are arranged in steps to allow the 
descent of the solutions from one to the other by gravity. 

THE PROCESS. 

The process consists in boiling the sulphides in strong sul- 
phuric acid to convert the sulphides into sulphates. The sul- 
phate of silver is soluble in strong sulphuric acid, but the anhy- 
drous sulphate of copper is practicably insoluble. Owing to the 
large percentage of copper, averaging twenty-seven per cent. in 
1894, in the sulphides a large quantity of insoluble sulphate is 
produced, and this is one of the most serious difficulties of the 
process. After boiling the charge is removed to the dissolving 
tank, in which are put wash water and weak solutions. Here the 
copper sulphate goes into solution along with the silver. The 
solution is filtered into the precipitating tanks where the silver 
is precipitated by metallic copper, after which the solutions are 
concentrated and go to the crystallizers to recover the bluestone. 
Periodically the cement silver is removed to the filter, sweetened, 
dried, pressed and melted. The mother liquors are concentrated, 
crystallized and the recovered acid finally sent back to the pot. 
The residue in the dissolving tank is taken out, washed some- 
what and reboiled in acid to remove as much as possible of the 
silver that it contains. 
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PRACTICAL OBSERVATIONS. 

A charge of about 975 pounds is put into the pot in the morn- 
ing with about 1,000 pounds of 66° acid and thoroughly mixed 
and the charge heated. At first the reaction is rather violent; 
sulphur dioxide is copiously evolved and the fumes carry con- 
siderable sulphur, which gives them a yellowish color. At this 
stage a steam jet may be required to increase the draught. 
After a while the reaction settles down and the normal charge 
boils quietly until near the end. As soon as the charge gets 
stiff, more acid, about 100 pounds, is added, until about 3,000 
pounds have been added. Toward the end, evaporated acid is 
used. As the boiling goes forward anhydrous sulphate of cop- 
per is formed in large quantities which separate, forming 
granular masses. This necessitates frequentstirring ofthe charge 
and this in turn is hard on the pots. A net-work of cracks 
develops and finally the acid finds its way through, when the 
pot must be replaced. In the 1894 run nine pots were used, two 
of which were short-lived. Better results have been obtained 
since. 

The progress of the operation can be watched by taking out 
a small sample of the charge, treating with water and adding 
hydrochloric acid to the solution ; but this is not necessary after 
getting familiar with the process, since the color changes from 
black to brown or dark gray. About ninety per cent. of the 
total acid used is added before the charge begins to show solu- 
ble silver salts. Then the charge foams violently and must be 
constantly stirred while the fire must be lowered. In about an 
hour the foaming is over and the charge is finished. This 
usually occurs in the afternoon of the day after starting. On 
the second morning the charge;is warmed up, generally with the 
addition of some acid and, as it is rather thick, it is ladled out 
into a trough which delivers it to the dissolving tank. The pot 
is then started on a new charge. 

The dissolving tank is filled with cold water within six or 
eight inches and tightly covered, since the introduction of the 
charge generates much heat. After the charge is in, the cover 
is raised and the solution stirred with a paddle and boiled with 
steam, after which it is settled and drawn into the filters. The 
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first tankful of solution contains most of the copper. It is run 
into a small precipitating tank and kept separate from the rest 
of the solution. The charge now resembles thick white mud 
and is washed eight or ten times with weak acid solutions to 
remove the silver, after which the residue is thrown into a filter. 
This residue varies very much, running from 5,000 to 19,000 
ounces silver per ton and fifty to 100 ounces gold, the balance 
being mainly sulphate of lead. 

The filters are three to four inches of clean quartz sand on a 
foundation of lead plates, cocoa matting and asbestos cloth, 
resting on lead strips, giving a space below. It isimpracticable 
to settle all the very fine residue in the dissolving tank, so some 
of it passes over into the filters and chokes them up. In about 
two weeks the filters must be washed by a stream of water from 
below and the muddy water pumped off the top. 

The solution has a reducing action and immediately a sepa- 
ration of metallic silver begins in the dissolving tank, often with 
the formation of beautiful growths upon the surface of the 
liquid, and this reaction continues in the filters. By this reac- 
tion metallic silver is found in the first residue and some 10,000 
ounces may accumulate in the filters during a year’s run. 

From the filters the solution goes to the precipitating tanks, 
where the silver is precipitated by copper, cathode plates from 
an electrolytic refinery being used. The first or copper solutions 
require a long time to precipitate, sometimes eighteen hours, 
but ordinary solution is precipitated in four to five hours. 
During precipitation the solution is stirred by air and heated by 
steam. When the precipitating tank is cold and the hot solu- 
tion of silver sulphate runs in, there may be a separation of sil- 
ver sulphate which may go into the solution again as the solution 
is heated up, but some of it may also remain with the cement 
silver and be removed in washing the silver, in which case the 
wash water must be treated with copper. 

When about 20,000 ounces of cement silver have accumulated 
in the precipitating tanks, it is removed to the sweetening tank 
and washed with hot water and then with acidulated hot water 
until the ammonia test shows no copper, which takes about fif- 
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teen hours. The wash water runs through a guard tank con- 
taining scrap iron and then to waste. 

The sweetened silver is put into sheet iron pans and dried 
about twenty-four hours in a steam dryer, pressed into cakes, 
dried again and melted. In 1894 the melting was done in cru- 
cibles holding about 2,400 ounces, or two bars, and about a pound 
and a half each of borax and niter were used to a crucible. 
The melted silver was poured into heated and greased light 
cast steel moulds. After pouring a little sugar was thrown on 
the liquid silver and the mould covered by a tight fitting cast 
iron cover. This gives a very smooth surface to the bar. 
When cool the bars are hammered up and marked. The aver- 
age fineness for 1894 was 999.4 silver with no gold, 446 bars 
were shipped, of which 401 were 999.5 fine and forty-five were 
999.0 fine. 

The bluestone solutions are concentrated to about 35°to 37°B, 
and run into ordinary crystallizers provided with lead strips and 
allowed to stand two days or more, when it is pumped back to 
the evaporators and run up to 42° B. __It goes back to the crys- 
tallizers, and a crop of crystals containing iron and but little 
bluestone is obtained. The solution goes back to the evapora- 
tor. The crystallizers are filled with cold water, which dissolves 
most of the iron and only a little of the copper. This solution 
goes through the guard tank to waste. These bluestone crystals 
are very small, but answer well in the leacher in preparing 
extra solution. The mother liquid is brought up to 50°-52° B. 
and then allowed to stand in a crystallizer several days to sepa- 
rate iron. It is then pumped to storage tanks for use in the pot. 
While concentrating, considerable iron separates in the evapora- 
tors. Periodically this is washed out and the solution run to 
waste through the guard tank. 

After boiling five charges of sulphides, about 750 pounds of 
wet residue are obtained. Thisjis put into the pot and boiled with 
a little more than its own weight of acid, after which it is washed 
and the final residue dried. This residue is very complex in 
composition, although it is mainly sulphates of silver and lead. 
There appears to be some acid sulphate, for the sulphuric acid 
present is far more than sufficient to form normal sulphates, and 
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yet the sample is so dry that the excess of acid cannot all be free. 
It contains the gold of the sulphides. During 1894 this residue 
was shipped away to the smelters for treatment, but at the 
present time it is being melted on a hearth. 


SUPPLIES. 


Sulphuric acid is received at the refinery in iron tank cars 
holding 40,000 to 50,000 pounds. It is stored in two lead-lined 
wooden tanks and is elevated by a mountejus to two iron 
receivers above the level of the pots from which it is drawn to 
feed the pots. In the 1894 run 389,439 pounds were used, being 
an average of 3.34 pounds per pound of sulphides treated, or 0.68 
pound per ounce of silver. Copper to precipitate the silver is 
used in the form of cathode plates, and 16,832.5 pounds were 
used, one pound of copper precipitating 2.27 pounds of silver, or 
33.1 troy ounces. ‘The ordinary local coal is used and 159,000 
pounds were used in the 1894 run. The regular labor required 
was a superintendent and two men, with an extra man to assist 
the superintendent in melting bullion. Occasionally some extra 
labor was required, particularly in shipping residue and making 
the annual clean-up. Mechanics were also required for special 
work occasionally, but the lead burning was done by one of the 
regular men, 

RETURNS. 


It is a well known fact that, in assaying, some of the precious 
metals pass into the slag, and some are absorbed by the cupel, 
causing a loss in the determination. In the case of ordinary 
ores, this quantity per ton is generally small, although the per- 
centage of the total silver islarge. In the case of rich materials, 
however, the percentage is low and the actual quantity per ton 
becomes considerable, and when the rich material carries copper 
the loss of silver per ton becomes quite respectable. In our 
business transactions, the sulphides are always settled for upon 
an assay corrected for slag and cupel absorption, which shows 
from 100 to 200 or even more ounces per ton more than ordinary 
uncorrected assay shows. Even on the corrected assay the 
actual amount of silver returned by the refinery on the year’s 
work was 2,078.81 ounces more than the assays called for, show- 
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ing very plainly that even the corrected assays do not show all 
the silver really present. This silver was divided as follows : 
116,519.5 pounds sulphides contained 572,544.45 fine ounces 
of silver. 
PRODUCT RETURNED. 


Fine ounces Per cent. 





silver. total silver. 
Fine bullion, free from gold....... 551,329.89 96.29 
ReSIdue.... wccccevccccecccccccces ce 15,773-41 2.79 
Cleanings......0.0+ceseecsceecceces 5,328.87 0.93 
On hand .....cc ccc cces vcccceccvcce 2,191.09 0.38 
Total ...--. +2. eee 574,623.26 100.36 
Plus clean-up oR eit RPE ee See eae: 2,078.81 0.36 


All weights of sulphides and products, excepting one cover- 
ing less than 200 ounces, and all the assays are the originals 
made by the Daly Mining Company. 

It is regarded as an extraordinary showing for a chemical 
process on the large scale to recover more than the best assay 
possible calls for. 

As to the recovery of gold, I cannot see any reason why it 
should not equal the silver recovery, but the figures upon the 
point are not satisfactory. The actual return of gold for the 
year was 606.9 ounces. The original assay of the Daly Mining 
Company called for 654.8 ounces, but their re-assay on some of 
the samples reduced this to 646.1. This left an apparent short- 
age in the returns of 39.2 ounces. The same samples were 
assayed by Mr. Charles Earl under my directions, and while 
the silver result showed a satisfactory agreement with the Daly 
assays, yet his gold determinations called for only 602.9 ounces, 
showing a plus clean-up on the year’s work of four ounces. 
After the close of the year’s business a general sample was pre- 
pared by taking proportionate weights of each of the check samples 
of the twenty-five lots, and the Daly Co.’s assay of this sample 
called for 605.9 ounces, and showed a plus clean-up of one 
ounce. Mr. Earlis no longer with me, so I cannot add his 
figures on this sample. There are especial difficulties in deter- 
mining such small quantities of gold in the presence of so much 
silver. 
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The conditions of the process are such that I do not see how 
we could gain so much on the silver and lose on the gold, so 
that I am satisfied that the process practically recovers all the 
gold that goes into the operations, although the assays may not 
always show this. 

The bluestone produced amounts to 175,809 pounds, or 3.63 
pounds per pound of copper, including the copper in the sul- 
phides and the copper used to precipitate the silver. About 
125,000 pounds of bluestone were used by the leacher in prepar- 
ing extra solution, leaving 50,000 pounds to be sold to outside 
parties. No particular care is taken to prepare fine large crys- 
tals of bluestone, and it is not necessary to purify the solutions 
from iron except as above described. Most of the bluestone 
produced goes to the leacher and the size of the crystals is of no 
moment whatever, while the small amount of iron present does 
no harm. The best grade showed 0.34 per cent. of protoxide of 
iron, the medium 0.69 per cent., and the worst, of which only a 
small quantity was produced, 3.89 per cent. 


THE FOLLOWING TABLE SUMMERIZES THE STATISTICS FOR THE 
YEAR BY THE DEWEY-WALTER PROCESS OF BOILING RUS- 
SELL SULPHIDES IN STRONG SULPHURIC ACID. 


First charge of 1894 sulphides to pot, February 20, 1894. 
es «6 tS “3365 “ «February 27, 1895. 
Sulphides treated, 116,519.5 pounds. 
# contained silver by corrected assay, 572,544.45 ounces. 
ee as copper, 31,585.3 pounds. 
os si lead, 385.6 pounds. 
ef ne silver average ounces per ton, 9,827.44. 
fe copper average per cent., 27.I per cent. 
“ as lead average per cent., 0.33 per cent. 
Acid used, 389,439 pounds. 
«¢ «per pound sulphides, 3.34 pounds. 
- ‘* per ounce silver, 0.68 pound. 
Coal, 159,000 pounds. 
Copper used to precipitate silver, 16,832.5 pounds. 
Total copper, 48,417.8 pounds. 
One pound copper precipitated silver, 2.27 pounds. 
Bluestone produced, 175,809 pounds. 
“ a per pound copper, 3.63 pounds. 
Regular labor, superintendent and two men. 
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Extra labor, one man at bullion melting to assist superintendent, 
laborers for clean-up and shipping residue, etc., mechanics for special 
work occasionally. 

136,519.5 pounds sulphides contained 572,544.45 fine ounces of silver. 

PRODUCT RETURNED. 


Fine ounces Per cent. 
silver. total silver. 
Fine buliion, free from gold...-..- 551,329.89 96.29 
Soe A a eae tn ee ae 15,773-41 2.76 
CleaningS---- +++ cece cece eee eee eens 5,328.87 0.93 
MSE ARGAGRTT | «03+ <o.0's p's pn nae 655 0s 080 4.0506 2,191.09 0.38 
Mataliscs..cwrcsvienes 574,623.26 100.36 
Plus clean-up «+++ eeeeee cece cece eens 2,078.81 0.36 


All weights of sulphides and products, excepting one covering 
less than 200 ouuces, and all the assays are the originals made 
by the Daly Mining Company. 

The advantages of this process are the phenomenal percentage 
of silver recovered, and that it is an entirely liquid one from 
beginning to end, so that there is no loss from handling dry pro- 
ducts. There is no roasting to cause loss. A large percentage 
of the silver is recovered as very fine bars, ready to enter the 
market. It is so simple and so easily carried out, and the plant 
is so small and inexpensive that it can be installed at individuai 
leaching works. 

Finally, the cost of operating is small; in fact, the value of the 
bluestone recovered returns a large proportion of the operating 
expenses. 





NOTES ON THE ELECTROLYTIC DETERMINATION OF IRON, 
NICKEL AND ZINC. 


By H. H. NICHOLSON AND S. AVERY 
Received May 15, 1896. 


HE experimental part of this work was undertaken in the 
spring of 1892. During the progress of the work various 
articles on the electrolytic deportment of these metals have been 
published. Some of these investigations are closely related to 
those carried out by us. As, however, they differ in some 
important particulars and as some observations have been made 
which, so far as we are aware, have not as yet been reported, it 
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seemed well to present the results obtained although some parts 
of the work are still incomplete. 

In the method of manipulation, free use was made of the text- 
books of Classen and of Smith. A number of cells of the Grove- 
Tyndall form furnished the current. The current was controlled 
by means of a rheostat-box. The amperage was determined by 
means of a ‘‘ Weston’’ volt-meter. The metals were deposited 
in platinum dishes of 300 cc. capacity. 

In no case was any attempt made to separate metals by careful 
regulation of the voltage as the practical utility of such methods 
may be doubted till the literature of the subject is more copious. 


I. THE ELECTROLYTIC DEPORTMENT OF IRON. 

The method of Classen and V. Reiss’ for the determination of 
the metals in their double oxalate solutions, a method which 
gives such admirable results in most determinations, cannot be 
applied with the same degree of convenience to iron,asastrong, 
current and a hot solution are necessary. 

Smith and Muir’ found that iron is very readily precipitated 
from ammonium tartrate solutions containing free ammonia. 
They found, however, that under such circumstances the iron 
contains carbon. Still tartrate solutions seemed to offer possi- 
bilities for quantitative determinations sufficient to warrant a 
fuller investigation of the subject. 

Six grams of tartaric acid was dissolved in water and added 
to a solution of ferrous sulphate. The solution was then diluted 
to 150 cc. and rendered strongly alkaline with ammonia. The 
solution was then placed ina platinum dish, submitted to the 
action of a current of 0.115 ampere and four volts for six hours. 

Taken 0.0477 gram iron. Weight found 0.0476 gram iron. 

After weighing, the precipitate was dissolved in dilute sulphuric 
acid. A trace of the odor of hydrocarbons was present. The 
solution was then oxidized; precipitated with ammonia and 
determined in the usual gravimetric way. The weight of the 
iron oxide corresponded to 0.0465 gram of iron. The carbon 
present evidently compensated for the weight ofthe unprecipitated 
iron. 


1 Ber. d. chem. Ges., 14, 1622. 
2]. Anal. Chem., 5, 488. 














656 H.H. NICHOLSON AND S. AVERY. ELECTROLYTIC 


The following determinations were made ina similar manner : 


Carbon by 

differ- 

Current Time. Iron taken. Weight found. ence. 

No. amperes. Hours. Solution. Gram. Gram. Gram, 
I 0.185 4 Strongly alkaline. 0.0620 0.0418 : 

2 0.115 14 Strongly alkaline. 0.0476 0.0487 0.0011 

2 0.115 6 Slightly alkaline. 0.0291 0.0294 0.0003 

4 0.5 5 Strongly alkaline. 0.0476 0.0492 0.0018 

5 0.5 5 Strongly alkaline. 0.0351 0.0364 0.0013 


These figures show that strong currents and free ammonia are 
favorable to the precipitation of carbon. Hence attention was 
turned to the electrolysis of iron in neutral ammonium tartrate 
solutions. 

To twenty-five cc. of an iron sulphate solution, sodium 
hydroxide was added till the greater part of the iron was pre- 
cipitated. A dilute solution of tartaric acid was now added till 
the greater part of the precipitate was dissolved ; five grams of 
ammonium tartrate were added and the whole diluted to 150 cc. 
The solution made up in this way was found to be exactly neu- 
tral to litmus. It was necessary to employ a stronger current 
than when free ammonia waspresent. The following determina- 


tions were made: 
Iron calculated 


Current. Time. Iron taken. Weight found. from Fe,03. 
No. Amperes. Hours. Grams. Grams. Grams. 
I 0.4 6 0.0630 0.0634 
2 0.4 6 0.0630 0.0635 sees 
3 0.5 4} 0.0630 0.0626 0.0620 


In all cases carbon was detected in the precipitated iron. 

Attention was next given to the determinations of iron in 
sodium tartrate solutions. In some cases free sodium hydroxide 
was present. The sodium salt conducts the current much better 
than the ammonium salt. The precipitation of iron proceeds 
satisfactorily for a time. After a little black spots appear. 
When a strong current is employed a white precipitate of ferrous 
carbonate forms on the deposited metal. Currents of two to four 
volts and of 0.05 to 0.1 amperes were employed to effect the 
separation of the iron from the solution. Towards the end of 
the precipitation carbon deposits rapidly. Vortmann,' by using 


1 Chem. Centrbl., 1893, 1070. 
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currents of low voltage and precipitating the iron in fractions on 
weighed electrodes, seems to have avoided some of the unfavorable 
conditions above described. However the general deportment 
of iron in sodium tartrate solutions was so unpromising that the 
investigation was not carried further in this direction. 

The question now presented itself: ‘‘Is the precipitation of 
carbon with iron peculiar to tartrates or may we expect it when 
other organic compounds are present?”’ 

To answer this question a number of qualitative tests were 
made by adding to the iron solution before passing the current, 
solutions of sugar, alcohol, glycerol or of salts of formic, acetic, 
lactic, citric, succinic or benzoic acids. The currents employed 
were of the lowest voltage and amperage sufficient to give a de- 
posit of several milligrams in the course of an hour. As ammo- 
nium oxalate gives no precipitate of carbon under any circum- 
stances, so far as we are aware, this reagent was used to hold 
the iron in solution when necessary. The iron was used in the 
form of ferrous sulphate. 

When formates were present in the absence of other organic com- 
pounds, no trace of carbon could be detected in the precipitated 
iron. In all other cases the precipitated iron contained carbon. 
In the case of citric acida quantitative determination was made. 

A solution of ferrous sulphate containing five grams of citric 
acid in the form of sodium and potassium salts with a little free 
acid was submitted for fourteen hours to a current of 0.2 ampere. 

Taken 0.0726 gram iron. Weight found 0.0740 gram iron. 

The absence of carbon in the case of oxalates and formates is 
explained by the fact that these compounds break up under the 
influence of the current giving off all carbon in the form of its 
highest oxidation product, 7. ¢., carboa dioxide. 

In all cases the amount of carbon deposited was increased by 
the employment of stronger currents, but in no case was it 
possible to obtain a precipitate free from carbon, except in the 
case of formates and oxalates, when organic matter was present. 


DETERMINATION OF IRON IN SOLUTIONS CONTAINING AMMONIUM 
OXALATE AND SODIUM BORATE. 


We found that a slight modification of Classen’s method 








658 H.H. NICHOLSON AND S. AVERY. ELECTROLYTIC 


greatly facilitated the precipitation of iron. The following gave 
satisfactory results: 

Twenty-five cc. of a solution of ferrous sulphate were taken, 
five grams of ammonium oxalate were added and brought into 
solution by the aid of gentle heat. Five cc. of asaturated solu- 
tion of borax were now added and the entire solution diluted to 
150 cc. A current of 0.02 ampere was allowed to act on the cold 
solution for sixteen hours. Towards the end of the operation 
the anode became covered with a slight brown coating. A slight 
brown deposit also appeared on the dish above the iron deposit. 
The following method was used to dissolve these deposits. 
Water was added until the surface of the liquid was raised 
above the brown deposit inthedish. The positive electrode was 
then brought in contact for a moment with the side of the dish 
thus short-circuiting the battery and generating considerable 
heat in the electrodes. This had the effect of liberating and 
dissolving the brown deposit. The current was allowed to act 
for half an hour longer when the dish was removed from the 
circuit, washed, dried and weighed. 

The precipitate was perfectly adherent and showed no tendency 
to oxidize when washed with alcohol and ether. The following 
is a tabular statement of the results obtained : 


Ammonium Saturated Iron Iron 
oxalate. borax solution. Current. Time. taken. found. 

No. Grams. cc. Ampere. Hours. Gram. Gram. 
I 5 5 0.02 16 0.0938 0.0933 
2 5 10 0.02 e 17 0.0938 0.0935 
3 6 10 0.06 4 0.0938 0.0938 
4 5 5 0.072 2 0.0938 0.0939 
5 6 5 0.125 2 0.0938 0.0938 


It will be seen from the above that the presence of borax 
facilitates the precipitation of iron in ammonium oxalate solu- 
tions. The cause of the appearance of the slight brown deposit 
and the extent to which it might cause an error in results will 
be investigated later. 


II. THE DETERMINATION OF NICKEL. 


The determination of nickel presented no difficulties. The 
greater part of the experiments with iron were performed in an 














DETERMINATION OF IRON, NICKEL AND ZINC. 659 


analogous way with nickel: in no case was carbon deposited 
with the nickel. When iron and nickel are deposited together 
as an alloy in the presence of organic compounds the nickel 
does not prevent the contamination of the precipitate with 
carbon. 


III. DETERMINATION OF ZINC. 


Nearly all the published methods for the electrolytic determina- 
tion of zinc give fairly satisfactory results. The tendency of the 
metal to be deposited in a spongy condition and the liability to 
oxidation are the principal difficulties usually encountered. 

The tendency to oxidation may be prevented by the presence 
of formic acid in the solution, which by the liberation of hydrogen 
with the metal exercises a reducing action. 

By the electrolysis of zinc formate in the presence of formic 
acid Warwick' did not succeed in obtaining a complete deposit. 
The deposit is greatly influenced by the presence of sodium 
formate in the solution. 

To a solution of zinc sulphate three cc. of formic acid were 
added and the solution partially neutralized with one gram of 
sodium carbonate. The entire solution was diluted to 150 cc. 
and placed in a current of 0.02 ampere for three hours. 


Taken 0.0611 gram zinc. Found 0.0603 gram zinc. 
In a similar manner the following determinations were made : 


Formic Sodium 


acid. carbonate. Current. Time. Weight Weight 
No. Ge: Gram. Ampere. Hours. taken. found. 
I 4 1-5 0.125 3 0.0611 0.0612 
2 5 1.0 1.000 3 0.0611 0.0611 
3 5 1.0 0.050 g 0.0611 0.0611 


The deposit adhered well, was compact and evenly distributed 
on the surface of the dish, the color was light gray, insome cases 
almost metallic in luster. As will be seen from the figures, a 
considerable variation in the strength of the current is allowable. 
This method is not allowable in the presence of the metals of 
the hydrogen sulphide group, as well as in the presence of iron, 
nickel and cobalt. 


CHEMICAL LABORATORY, UNIVERSITY OF NEBRASKA. 


1 Ztschr. anorg. Chem., 1, 291. 
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UNITED STATES DEPARTMENT OF AGRICULTURE, 
DIVISION OF CHEMISTRY, 
WASHINGTON, D.C., June 5, 1896. 
Editor Journal of the American Chemical Society, Easton, Pa. : 

DEAR S1rR.—I am informed by the Chairman of the Committee 
of Arrangements of the Second International Congress of Ap- 
plied Chemistry, that the meetings of the Congress will begin in 
Paris on the 27th of July, at the Sorbonne, at 10 o’clock A. mM. 
The meetings of the Congress and of the Sections will be con- 
tinued until the 7th of August. 

Chemists intending to present papers should send the titles, 
without delay, together with the length of time required, to 
Monsieur F. Dupont, 156 Boulevard de Magenta, Paris, France. 
Those who intend to be present in person should also inform 
Monsieur Dupont of that fact. 

Respectfully, 
H. W. WILEy, 
Chairman of American Committee. 
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